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I, REVIEW OF THE LITERATURE 


Iintreduction 


Proteing in human serum represent s heterogeneous collection of 
essential substances which, for a given individual, remain remark~- 
ably constant in quantity, and fer a given species also remain within 
rather narrow limits, although distinct differences are known to 
exist one species to the next (Moore, 1945). The medical literature 
contains aumerous studies describing the alterations in these serum 
proteins found in many diseases (Brackenridge & Csillag, 1962; Fessel, 
1962; Jencks, Smith & Durrum, 1956; Ogryzlo et al, 1959; Pollak et al, 
1961; Putnam, 1960; Sunderman, 1964; Wall, 1958; and others), alter- 
ations which can be celled “dysproteinemias" when the change is in 
the relative or absolute quantity of an otherwise normal protein 
component, or a "paraproteinemia” in which en abnormal protein, of 
distinct quality, is produced. 

In the case of dysproteinemias, classification can be made either 
en the basis of disease systems and the protein changes they produce, 
or vk the basis of the altered protein fractions or patterns and the 
associated diseases, In either approach, specific diagnoses are not 
usually made on the basis of serum protein changes alone, with the 
ilies exceptions such as analbuminemia or hypogemmaglobulinemia,. 

On the other hand, most paraproteinemias (multiple myeloma, for ex- 
ample), although rare in incidence, usually do have pathognomonic 
serum protein changes which lead te the specific diagnosis. 

This study does not deal with the effect of disease on serum 
protein composition, but rather the serum protein composition of a 


population of New Haven adultes living et home, representing all 
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socioeconomic catagories, but specifically not selected for their 
state of either health or disease. As far as ie known, this is the 
largest general population with the possible exception of that of 
Samson (1964) in the Philippines, in which an electrophoretic analysis 
of serum proteins has been undertaken. Like all populations, however, 


some of its characteristics are probably unique. 
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Chemical Methods of Protein Fractionation 


Prior to 1937, the study ef human serum proteins was Limited in 
clinical medicine to variation in either total protein, or leter, to 
variation in the amount of serum albumin present in relation te that 
of serum globulins, commonly known as the “Albumin/Globulin or A/G 
Ratio", Total blood protein levels were at that time determined by 
Kjeldahl nitrogen assays which had to be corrected for non-protein 
nitrogen content, 

In 1903, Reiss had made the first systematic investigation of the 
changes in refractive indices encountered in solutions of various 
bleod-serum preteings. He used ammonium sulfate solutions varying from 
32-50% saturation to precipitate serum proteins, and called his 
fractions “Euglobulin', "Peeudoglobulin I" and "Pseudoglobulin II". 

His salting out process, however, required crystallizations and dialyses 
which took some two to three months, and produced total protein values 
which were lees than the sum of the various fractione. 

Robertson, in 1912, reconsidered the fractionation process desribed 
by Reiss and was able to achieve a total protein value which equalled 
the sum of its fractions, which he referred to as “insoluble” and 
“Soluble” globulins (equalling total globulins) and total slbumins. 
Cullen and Van Slyke (1920) accepted Robertson's conclusion that ammonium 
sulfate was the most satisfactory salt for globulin precipitation and 
developed a technique which yielded uniformly consistent results in 
albumin and globulin fraction determinations by use of the Kjeldahl 
nitrogen-determination method in the final steps. This produced re- 
liability in the determinations, but Howe (1921) offered two objections 
to this work of Cullen and Van Slyke: (a) the ammonium sait had to be 
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removed prior to determining the globulin nitrogen because the nitrogen 
in he ne was a pollutant, and (b) that there were physical diffi- 
culties in removing that nitrogen. In turn, Howe proffered the sub- 
stitution of sodium sulfate for the ammonium sulfate and produced a method 
for determining the serum albumin quantity which has continued in use 
up to the present day with only minor alterations, This albumin quantity, 
which when subtracted from the total protein value gives the globulin 
quantity, and these two fractions have come into common clinical usage 
regarding serum proteins as the A/G ratio. 

The A/G ratio does, indeed, reflect relative changes in these two 
major classes of serum protein, or as Robertson (1912) wrete: "If the 
proportion of this substance (tetal globulin precipitated) ie different 
in the serum of different individuals or species, we may be fairly con- 
fident, therefore, that the quantitative relations of the globulin and 
albumin, groups are different in these animals.” However, even by 1921 
Howe had concluded; 

“Whether or net results obtained by precipitation of preteins from 
a mixture of proteins with salts represent separations of pure proteins 
is an open question, The considerable mass of literature on this subject 
is in favor of the opinion thet the protein thrown down is a mixture of 
proteins; (a) present as conpaunde, (b) due to the shameneten of other 
proteins by the precipitated protein, or (c) because the precipitation 
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Electrophoresis 


From the time that Sir William Hardy (1903), who was the first to 
ebserve the electrophoresis of proteins, studied serum with a migration 
apparatus, the great experimental difficulties of serum protein electro- 
phoresis prohibited significant progress in that field, It was in 1937 
that the Swedish investigator Tiselius, in connection with seme research 
on proteins of immune sera, constructed e new electrophoresis apparatus 
specifically for the study of serum globulin. 

Serum proteins, when in a solution of adjusted hydrogen ion concen- 
tration (pH) acquire a net surface charge which differs one protein to 
the next. When a mixture of such proteins is subjected to a continuing 
electrical field, the individual proteins will migrate at a rate char- 
acteristic of their net surface charge, This mild treatment of proteins 
is much less likely te introduce major changes in the protein molecules 
than is the rather violent chemical treatment of the salting out process, 
Tiselius applied this principle of electrophoresia to a solution ef serum 
protein and found that serum could be separated into well-defined protein 
fractions which he called albumin and alpha, bete and gamme globulins 
(Tiselius, 1937b). This technique of studying solutions of proteins 
became known as “moving boundary" or “free” electrophoresis, and was a 
significant refinement in the separatien of serum proteins. It did aise 
prove that the globulin thrown down in the salting out process used 
previously was indeed heterogeneous. However, because of the elaborate 
and expensive equipment required, the difficult optical recording methods 
of ultraviolet photography used, the well-trained personnel needed, sad 
the time consumed in each analysis, this moving boundary electrophoresis 
_ technique was available only at the research level. 
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For these reasons, there is but a paucity of literature prior to 
1950 regarding serum protein electrophoresis. In that year, application 
of the principle of moving boundary electrophoresis to a solid medium 
system by Cremer and Tiselius, Durrum, and Turba and Enenkel greatly 
simplified the technicalities in terms of equipment, procedure and time. 
In place of a tube containing protein solution, they substituted strips 
of filter paper kept saturated with electrolyte solution and whose ends 
were kept at different electric potentials. The heterogeneous serum 
protein samples, placed at an fatermediate position along the strip, 
were thus allowed to migrate along the filter paper and to separate into 
more or less discrete bands or zones. This type of electrophoresis has 
become known as “sone electrophoresis", in distinction to the “moving 
boundary" or “free” type described earlier by Tiselius. 

Gace the proteins had seperated inte zones, they could be heat< 
fixed and then etained with various pretein-binding dyes. In general, 
the quantity of protein exenans and the intensity ef the dye reaction 
bore a direct relationship to one another, so thet relative amounts 
among the various protein fractions could be determined, This might be 
done either by cutting the strips and eluting the protein distributed 
along each section, or by direct photometric scanning of the paper strip 
and integration of the areas under the dye~intensity curve. For quan 
titative results it was still required that the total protein be deter 
mined by independent means and then absolute values be proportioned 
eut on the basis of electrophoretic results for each fraction. The 
relative ease of operating such an electrophoresis process, the facility 
with which recording systems were directly coupled into the operation, 
the fact that several strips could be run simultaneously, and the added 


advantage that by ueing specific dyes on different strips from the sawe 
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sample one could place mucouprotein or lipoprotein, for instance, in 
relationship to the usual protein fractions determined, all made the 


electrophoresis process widely availsble to both research and clinical 


medicine. 
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Population Samples Studied by Paper Electrophoresis 


In view of the serum protein chenges which have been detected in 
various diseases, the majority of serum protein electrophoresis studies 
have concentrated their descriptive interest on the alterations which | 
eecur in the abnormal state. In large measure, the control samples 
used are pooled sera or sera from persons presumed or determined to be 
relatively healthy and to lie within a limited range of age. The five 
largest series of contrels in serum protein analysis by means of filter 
paper electrophoresis among Caucasians are outlined below in Table 1. 

Only in the two recent Scandinavian etudies tabulated was an attempt 
mede to study @ wide range of adult ages among Caucasians. Some cri- 
teria of selection were exercised, and Kirkeby (1966) used careful sereen- 
ing to include only persone in good health, whereas Nilasen (1964) made 
random selections within a comunity of a wide range of ages based on 
birthdays en twe calendar dates for the years 1884-1943, and then studied 
all those cooperating who had neither disbetes mellitus nor disabling 
disease, 

Ite is evident that only the sample of 207 individuals chosen at 
ramiow by date of birth (Nilsson, 1964) fully represents the age or sex 
proportions of a normal population. The New Haven study of 1029 individual 
adult sera offers an opportunity te investigate in a large population 
sample the basic biolegical information revealed through relatively 
simple paper electrophoresis of serum proteins in light of age and sex, 
and, because some Negroes were included, race also, Furthermore, it is 
possible in this sample to study correlations with other body chemistry 


parameters such as serum uric acid and hemoglobin. 
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Table 1 


Normal or Control Series In Previous Serum Protein Studies In 
Whites Using Paper Electrophoresis 


Reference et Source of Coutrel Series 
Achesen 201 Males aged 65-85, random selection 
1962 among pensioners 
Jeneks a) 4 serum @) Pooled sera from presumabiy healthy, 
1956 pools non-professional doners (mostly 
ma Lee > 


&) 185 b) Hogpital patients with diagnosis 
presumed met to affect serum protein 


Kirkeby 176 92 males, 78 females heepiteal ataff, 
1966 industrial workers, and some ower 60 
exciuded from bleed bank roles because 
of age, No major disease, current 
menstreation or pregnancy. Lab and ERC 
studies for screening out abnormale. 


Hilesen 207 109 males, 98 females aged 20-79 selected 


1964 at tandum from community, General 
condition good; previous diseases tabu- 
lated, 

Ogryzio 109 Active; young adults aged 18-45 years 


1959 in good health (heepital etaff) 


ng By km dbe Bebe 
‘ DE teas ed nan OA aa ll A as Eveete See (3 F y 


at it in i a i a 
srasyorgor79013 rege gals ang hel 


Wi es ae 


seisceles aohany SIO IIPTIN a 7 a ee... 


eiblent-aldenieas eanhcoeanintaste meine ry alatenn Beet 
¢i3aom) sone hegprrrase along iy 


eheongath diay asneiing Inviquel (dal CC. 
obetesq susea so07%s o3 Jon beaweong 


Biase seneped:voleeeh. »selem S¢ — er Ser 
8 reve sacs baw ,etosvew [abtdaubal F | ay 4 
tnormso ,eeseeth solam of .eg8 To | 7. er 
.alearonds 3uo * atecsenn - nee ula Fa 3 rat 


secestne @f-08 bogs colemot S¢ ,aelem COL Fos omega. 
fevensD .yoiawezos aort awboas 36 ; . ; 
-udeg asassalb awoiverg ;boog ane: 


met =e ” cali a 


v tect > poe Pete ah oheteaeae | 


oh th tee weedemENTEy 


As might be expected from the nature of control samples previously 
noted, only a few authore have been able to comment upon age and sex 
with relation to serum protein, and fewer still have used the technique 
of electrophoresis in their analyses. Milam (1946), using semi-~micro~ 
Kjeldehl methoede, determined total protein and albumin in over 1500 
individuals end concluded that age and sex differences are obviously 
minor, Keltz and Comstock (1959) determined albumin and globulin in 
197 sera by the biuret method and found that female glebulins are higher 
than in sales, but at a level not stetietically significant, and that 
neither albumin nor globulia varies with age, They point out, however, 
thet gince the control sample was matched for age, sex and race with a 
group of sarcoidesis patients, the predominance in their sample of 
Negro females between the ages of 20 and 50 years is not otherwise 
found in o general population, Reviewing previously reported normal 
serum protein series dene by the moving boundary technique of electro- 
phoresis, and adding alec a study of their own on prefessional and noo- 
professional blood donors, Reiner e¢ al (1950) stated that “age or sex 
differences do not affect appreciably the protein distribution in normal 
human serum”, | 

Using paper electrophoresis enalysis in 163 male and 22 female blood 
donors, Jencks, Durrum and Smith (1956) repere that there is little sex 
difference in serum protein levels, and thet “there is no great change 
in the electrophoretic distribution of serum proteins over the age of 
fifteen". However, their graph of total protein and protein fractions 
(expressed as a per cent of total protein) by age groups (Jencks, et al, 
1956, Pig. 2) does suggest some variation which may be on the basis of 
10 
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Ll 
either age or total protein level. For example, total protein {in 
grame/100 mi.) and albumin (in per cent of total protein) are inversely 
related to ene another at 411 points along the ege curve in that study, 
with the relative albumin level reaching a peak in late middle-age and 
then falling off in eubsequent years, If one were able te examine abso- 
lute quantities of athusta from their date, it might be found that ia 
late middle-age the serum levels remain equal to or leas than the levels 
in younger age, and that the fall in relative albumin at the oldest 
‘ages when the mean tetal protein is increasing might in fact reflect a 
significant decrease in the absolute quantity of albumia. 

Among those authors whe do find a difference in serum proteins 
when age or sex are considered, the most consistent conclusion reached 
is that serum albumin significantly decreases with increasing age. 

Bing et al (1946), using chemical methods for analyeis of total protein, 
albumin and globulin in 87 males and females between ages 2-67 years, 
found that males 35 and older have slightly lower albumins, higher 
globulins but tetel proteins little different than males leas than 35 
years old. In females simileriy grouped at 35 and older, the total 
protein is lewer then in the younger females, with an dnerease in the 
variability of both the albumin and globulin fractions without any 
distinct change in the means for the twe fractions. Thus they report 

8 significant difference in serum protein by age (with 35 years the 
dividing age) and sex, aithough it seems with regard te sex they refer 
more to a difference in pattern of variability than in actual mean values. 
Wills and Bell (1951) report on 1,672 total protein estimations done in 
Fiji and Samoa by the copper-sulphate specific gravity technique that 


show there is no difference by sex, but that total pretein increases 
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steadily in different age groups from infancy to 15-30 years, after which 
dt falls off. Unfortunately, their five age groups of under 2, 2-5, 
6-14, 15-30 and over 30 years do not continue through other adult ages, 
but the study does point out a steady, significant progression of serum 
proteia levels during the years of growth and early adulthood. 

Among the studies in the literature using electrophoretic tech- 
niques and finding age or sex asseciated with differences in serum protein 
levels in adults, Acheson and Jessop (1962) studied 201 retired men 
aged 65-85 and found gamma globulin levels higher than those reported 
on samples of predominantly middle-aged iektwidenta.. They also found 
that the level of gamma globulin in those men aged 75-79 is significantiy 
higher (at the 2% level) than the level in those 10 years younger, and 
that the level in thoee 70-74 ie intermediate, Brackenridge and Caillag 
(1962) studied 100 presumably healthy, white Australian males and females 
using cellulose acetate as the medium for electrephoresis of serum 
proteins and found virtually no variation in mean values with sex, but 
did find a small significant age trend in which albumia tended to fall 
and alpha~1 and bets globulins (the major lipoprotein fractions) tended 
te rise with increasing age. : 

In 1965 Semeon et a1 reported from the Philippines on serum proteine 
from 1,005 non-hospitalised individuals renging in age from the newborn 
period through adulthood. As in the present study, they used the Spinco 
paper electrophoresis system, although the present study does differ by 
using lissamine green rather than bromphenolblue as a protein dye, and 
bevine serum albumin rather than Versatol-A as a protein standard. 
Various age and sex differences in serun protein are described by Samaon 


and his co-investigators. The following coments are restricted to 
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ages 20 years and older, because they are most pertinent in a comparative 
sense to the present study. | 

Samson et al report that serum albumin is greater in males then in 
females in all but the age groups 50 and older, and that each sex shows 
a@ steady decrease in albumin with age except for a transient rise in 
females aged 50-59 years, Total protein is greater in females aged 
20-29, plateaus below male levels between 30-49, surpasses male total 
protein between 50-59 and finally falie te the lowest level for any age 
oF sex group after 60. Male total proteins fall and rise between ages 
20-49 befere steadily tapering through the oldest group. Alpha-1 globulia 
means are similar in both sexes and show little trend with age. Alpha-~2 
globulin tends to be slightly higher in males except over 60 wher the 
female means exceed those of the males, With respect to age, aipha-2 
giohelin ethes in males to a platesu fer the ages 30-49 before tapering 
while the females show no mean alteration between 20-49 before lowering 
slightly por then rising to their highest adult levele after reaching 
age 60, Beta globulin levels are higher in females only in ages 20-29 
and show irregular changes with age, while male levels increase steadily 
between 20 and 59 and then remain constant after age 60. Gamme globulin 
is higher in females from ages 20-49, after which male levels exceed them 
for the remaining ages. In females the gemma globulin level rises from 
ages 20-49 and then tapers somewhat, while in males the level increases 
with each older group. 

Anether study using the Spince method of paper electrophoresis and 
bromphenolblue staining was done in Norway by Kirkeby (1966) to compare 
blood lipids, lLipopreteins and serum proteins between vegetarians and 


& group of controls ranging in age from 18 to ower 60 years. His 170 
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contrels (92 males, 78 females) were ambulatory, had had for the most 
part x-rays and annual health examinations, and were further screened 
for fitness with Laboratory teats, bleed pressure determinations aad 
electrocardiograms to eliminate all those with major disease. Further~ 
more, no blood samples were taken from women whe were menstruating at 
the time, were pregnant or who had given birth within one year. Among 
these control subjects, Kirkeby found no significant difference with 
_ ¥espect to sex when means, regressions with age and variances were studied 
fer total protein or any of its fractions, with one exception, In the 
beta globulin fraction the mean in men (0.94 g/ml) is significantly 
higher (t = 2.91, p<0.01) than that in wemen (0.87 g/ml). Further- 
more Kirkeby reperts that the beta lipoproteins (specific staining) 
in his control series show an age variation similar te that for cholesterol, 
lipid phorphorus and total lipids with an increase up to the 40-49 year 
old group in men and up to an older group in women. The variation in 
beta lipoprotein with age is very highly significant among women, and is 
not significant in men when 211 age groups are included, although the 
correlation among men is highly significant when only the age groups 
18-49 years are considered. 

The Kristianstad Survey in Sweden (Nilsson, et al, 1964) was an 
extensive study of a random population sample of 207 normal adultes 
(109 males, 98 females) using various clinical, anthrepometric and labor~ 
atory tests with a special interest in the oral glucose tolerance test, 
but also including paper electrophoresis of serum proteins with an LKB 
apparatus and bromphenclblue stain. This appeare to be the one sanple 
population bearing the most similarity to that of the present New Haven 


study with respect to age, sex, race and state of health, the former 
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study excluding only 18 persons of 301 originally registered on the beavis 
of either diabetes mellitus or disabling diseases contraindicating the 
performance of the examination planned. 

When the serum proteine are etudied with respect to age end sex 
in the Kristianstad Survey, the most pronounced finding ie the negative 
correlation between albumin and age in each sex. Among the globulin 
fractions, alpha-2 aud bete-~2 show a strong positive correlation with 
age, and this latter correlation is even greater among males then in 
females. fotal protein is higher in males in each of the three age 
groups (20-39, 40-59, 60-79), while albumin is slightly higher in females 
in the young and the old, but slightly lower then males in the inter- 
mediate age group. Females have a similar, but alightly increasing, level 
of alphe-1l globulins compared with males, and s higher alpha-2 level 
im the yeung females with no difference thereafter. Whether beta glob- 
ulins are considered as a single or two separate fractions, male levels 
are higher than females in each age catagory except 20-39 when beta-1 
éisbedine ave Similar in both sexes. Gamma globulins are the same in 
the two sexes in the youngest, higher in females im the intermediate, 
and higher in meles in the oldest age group. 

In summery, although several of the studies cited indicate that 
age and sex do aot exert an influence on the variation in serum proteiz 
levela, the studies supporting the alternate conclusion gain weight in 
generally describing the same type of change with age and sex in the 
same fractions of pretein, The changes with age are the more striking 
than those with sex, with albumin decreasing in older age and beta 
globulins increasing. To a lesser extent, alpha-2 and gamma globulins 
increase with age, while total protein and sipha-1 globulin do not vary 
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significantly. The difference described most often with sex ie greater 
levels of beta globulin in males, and, less frequently, greater tetal 


protein, albumin and alpha-2 globulin found alec in males. 
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Environment, Race and Serum Proteins 


Studies of racial variation coming from regions quite different 
in nutrition and disease pattern from temperate climes have expectedly 
shown marked contrasts in serum protein levels reported. In 1951, 
Holmes et a1, using chemical methods of fractionation giving results 
somewhat comparable te electrophoretic separations (Martin and Morris, 
1949) repert on 86 Africans from Kampala, Uganda the following differ- 
ences from either American or Kampala Ewropeans: in Africans, total 
protein end alpha globulin are higher, albumin much lower, beta 
globulin lower, and total globulin and gamma glebulin much higher. 
This can reasonably be explained by the poor nutritional intake which 
is particularly lew in animal protein, the high incidence of liver 
disease (which is known to lower the albumin) and the high incidence 
of perasitic and other chronic infections (which elevate the globulin, 
especially the gamma globulin). 

In Caracas, Venezuela (Vera and Roche, 1956) the electorphoretic 
patterns of serum proteias in 80 apparently healthy blood donors 
reveal totel protein levels comparable to these in studies from the 
U. &. A., Ghile, Belgium and Spain. Albumin levels are lower, how-~ 
ever, and gamma globulins are markedly higher, although the gamma 
levels from Chile are somewhat more comparable. Differences among the 
several studies are not impressive for either alpha or beta globulins. 

Wills and Bell (1951) studied totel pretein by the copper~suiphate 
specific gravity method in 823 persons (Fijian and Indian) living in 
Fiji and 249 persons (#11 Semoans) living in Samoa and describe dis~- 
tinctly higher total protein levels (up to &.5 g/100m1) than those 


found in Eurepeans living in Europe or in Fiji, or in Indians living 
1? 
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in India. Electrephoresie of serum protein was also done in a single 
healthy, young Fijian male and the gauma globulin was 2.3 g/100mi 
(29.0% of the 7.9 ¢/100ml total protein), a value which is more than 
twice that usually accepted as normal. The inference is that simi- 
larly high levels of gamma globulin might be found in many others 
from that same sample. 

In @ recent study (Samson et al, 1965) of approximately 1,000 
apparently healthy Filipinos from different regions of the Philippines 
including the City of Manila and its suburbs, serum protein fraction- 
ation was done by electrophoretic methode almost identical with those 
used in this current study. In comparing the results in 4 similar 
age group with two other studies reviewed here including Venezuelans 
(Vera and Roche, 1956) and Caucasians and American Negroes (Pollak 
et ai, 1961), the Filipinos have the lowest total serum proteins 
(7.22 g/100m1), alpha-1 glebulins (0.16 ¢/100 ml), alpha-2 globulins 
(0.46 g/100m1), and beta globulins (0.63 g/100m1). Albumin for the 
Filipinos (4.55 g/100ml) exceeds that of American Negroes and of 
Venezuelans, but is second to that of Caucasians; and Pilipinos have 
gamma globulins (1.41 ¢/100ml1) higher than Caucasians and American 
Negroes but lower than Venezuelans. Table 2 below gives the values 


for the four groups. 
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Table 2 
Serum Protein Pattern of Filipinos 


Compared With Other Races 


Globulin Fractions 


Races Number Total Albumin Alpha-1 Alpha-2 Beta Gamma 
Protein 


Caucasian 62 7,49 4 0.61 0.86 1.13 
(30-50 yrs.) +0.51 10.94 +0 .06 40.126 40.127 40.25 
(Pollak '61) 


Am, Negro 62 7.59 4.27 9.32 0.64 0.98 1.37 
(30-50 yrs.) 40.52 +047 +0.07 40,105 +0.19 +0.30 
(Pollak '61) 

Venezuelans 

(Caracas) 80 7.30 4,02 0.27 0.55 0.83 1,63 
(Vera '56) +0.98 40.27 +009 40,18 40.09 40.36 
Filipinos 

(30-50 yre.)165 7.22 4.55 0.16 0,46 0.63 1.41 
(Samson '65) +0.55 +0.61 +0.07 +0.16 40,18 +40 &es 


Protein Units in g/100m1 + S.D. 


Such analyses of racial variation are obviously wrought with major 
eavironmental differences. This is true even of those contrasting 
Caucesians living in the same area, as it is unlikely that such Cau~- 
casians have lived their entire lives in that same area, or if they 
have, that they have lived under the same conditions as the indigenous 
population studied. Schofield in 1951 made some attempt at evaluating 
what role environment played in the high gamme globulins and low 
albumins of native Africans. He studied by electrophoresis of serum 
proteins 30 West African men, all apparently healthy and between 17 
and 34 years of age who were living in England at the time of the 


study. Most were students living reasonably well in both Africa and 
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England, and eating mainly Zaglish food while in Engiand. 

The findings are that the greater the time which the students hac 
reueined in England witheut revisiting their African homes, the mor 
similar the protein patterns became to those of Europeans. The changes 
were progressive with duration of stay up to eight years in the groups 
studied, and consisted of an increase in albumin to levels comparable 
to these in Europeans and a decrease in gamma globulins toward the levels 
in Europeans. Schofield concluded from this work thet the difference 
im serum protein pattern found in Africa was not due to genetic or phyei- 
ological Section, hak to pathological changes which were at least partly 
reversible. He does, however, rely on three small groups of 10 for hile 
gtatistics, and the gama globulin levels in bie Africens are etitl 
approximately 50% above his Europeans standards at the end of eight 
years, Although the deta are suggestive of a significant enviroamental 
influence upon the albwein and gewma glebulin difference between races, 
it is not altegether clear that his extrapolation is valid that game 
globulin differences would disappear with greater time. 

Pour etudies dene in the United States have compared serum pro~ 
teins in Caucesians oad Negroes. Although it is dewbtful that total 
environment, either current or previous, would be the same for the 
two races, the similarities would be greater within a given city or 
area than would be when areas of entirely different climate are compared. 
The important concensus of these four studies is that, in spite of the 
elimination of many environmental differences, the serum protein racial 
aifferences show the ¢eme direction as those from other countries: 
serum albumin is lower in the non-white pepulatien, and serum globulins, 
particularly the gaoma fraction, are bigher in the non-white populatien, 
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With studies such an these it becomes increasingly difficult to igaere 
the likelihoed that there indeed exists a racial difference in serum 
proteins which l¢ genetic in basis. 

In 1956, Rawnsley, Yonan and Reinheld conducted a blood-doner 
acreening study to detect viral hepatitis carriers at the Hospital of 
the University of Peanaylvania. Thirty-six per cent of the Negroids 
and 63 per cent of the Caucasoid denore were born, and had always lived, 
in the Philadelphia area, Their ages ranged 16 to 59 years, and eub- 
jecte who had history of jaundice, liver disease, syphilis or serious 
illness on a heaogloblin less than 12.5 gu.% were eliminated from their 
study. These esuthors used three methods of analyzing sera for games 
globulin levels: 4) the Kunkell zine turbidity method, b6) ammonium 
sulfate turbidity, and cc) sone electropheresis (mo details of this 


last method given). Their results are compiled in Table 3. 
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Table 3 
Racial Differences in Gamma Globulin 


Zine Turbidity (Shank-Hoagland units) for Gawma Glebulin 


294 Negro males 7.32 + 1.78 

826 Caucasian males 4.97 + 1.44 legre mean higher (p< 0.001} 
irrespective of age or sex. 

38 Negro females 7.14 + 1.72 

138 Caucasian fensies 5.38 + 1.46 Negro mean 47% higher for 


gamma globulin 


Ammonium Sulfate Turbidity for Gamma Globulin 


Caucasians 2.50 + 0.16 3 
(p< 9.601) 
Negroes 2.82 + 0,23 


Zone Electrophoresis (45 Caucasians and 45 Negroes) 
Negro mean serum albumin lower than Caucasian mean {p< 0.05) 


Caucasian gamma globulin; 18.04 + 4.41% of total proteins 
Negro gamma globulin; 21.75 + 5.09% of tetal proteins (p< 0.01) 
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Gomens (1957) reviewed 2,100 consecutive St. Louis hespital and 
clinic vecords (ineluding those of 400 hypertensives and 1,700 others 
with miscellaneous conditions) and found 242 which had serum protein and 
protein fraction tests completed. He eliminated 76 of these 242 because 
of diseases known to alter serum globulias, and examined the results 
of the remaining 172. Of these 172, 83 were receiving antihypertensive 
drug therapy, so he divided his sample into 4 groups as follows: 44 | 
White and 39 Negro hypertensives, and 61 White and 26 Negro normotensives. 
In addition te these greups he studied ag nermal controle 14 healthy, 
adult Negro male police officers who had undergone rigorous physical 
examination and training, and who on warestricted diet which was compe-~- 
rable to that of the general American populace, However, no mention ef 
the previous environmental beckground im these officers is mentioned. 

Serum samples were all analyzed by the same laboratory, using the 
biurette methed of Weicheelbaum for serum protein determinations. In 
addition, on the group of 14 Megro officers, 46 filter paper electro~- 
phoretic analyses were done using the horizontal strip method {mo detaiis 
given) and the Spinco analyzer for the fractional interpretation. 

Comen's results (fable 4) are that serum albumin levels are not 
Significantly different when comparing any of the groups. Similariy, 
there ie no difference between globulin levels when nermotensive Whites 
are compared with hypertensive Whites;.nor when normotensive Hegrocs 
are compared with hypertensive Negroes. However, when either any White 
group is compared with any Negro group, er the total whites are compared 
with the total Negroes, globulin levels in the Negroes are significentiy 
higher (p 0.01). The differences between the total Negro patieats and 
the Negro officers are not significant fer either albumin or globulin. 
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Table 4 
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Another important finding illustrated by the electrophoresis data on 
the 14 Negro officers is that a direct correlation exists between tetal 
globuling and the gamma globulin fraction which does not exist when the 
ether globulin fractions were plotted against total globulins. This 
suggests that the high total globulin in Negroes is a reault of a high 
gamma globulin alone, and that this hypergammaglobulinemia is a racial | 
characteristic not dependent upon malnutrition, infection, liver disease, 
or hypertension. 

Keltz and Gomstock (1959) corroborated this hyperglobulinemia finding 
in studying serum proteins, by the biuret method in 75 White and 122 
Negro controls (81% of the entire control population) from a sarcoidosis 
survey in Georgia and Alabama. Their population was not normally dis- 
tributed in terms of age, sex and race in that they were matched in these 
characteristics with sarcoid patients, as mentioned previously. They 
foand in the Negroes slightly lower albwein (p< 0.06), but significantly 
higher globulin (p<0.001) than in the Whites. (Their resulte are in 
Table 5.) Furthermore, Negroes who at some time have had a positive 
serological test for syphilis (mot necessarily active disease) are no 
different in globulin level from Negroes with no positive test history. 
With respect te tuberculin skin testing (5 units PPD-S) in the control 
population, although Negroes showed more skin induration aud more total 
globulins, there was no relationship between the size of the tuberculin 
reaction and the level of serum globulin. The demonstration is that 
neither syphilis nor tuberculosis among Negroes could aceount for the 
high serum globulin levels consistently found, and that a racial differ- 


must be considered. 
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*Serun Proteins in 75 Whites and 122 Negroes 


The final paper concerning racial differences in serum protein 


levels is the only report using filter paper electrepherasis to study 
both healthy Caucasians and healthy American Negroes living in the same 
eity. This is a report from Chicage (Pollak et al, 1961) in which the 
electrophoresis methods differ from those used in the present study only 
in the use of bromphenolblue dye end a smaller current. In @ syatem~- 
atic study of serum pretein electrophoresis changes in patients with 
systemic lupus erythematosus, sera were obtained from 124 healthy persens 
for use ae contrels, The control sample was 62 Caucasians and 62 American 
Negroes, half of each group being men, the other half women, drawn mostly 
among healthy leboratery technicians, physicians and members of the 
hospitel staff, and @ few healthy bleod donora. The majority were between 
the ages of 30 and 50 years, with a range of 20 to 75 yeare, 

In using the electrephoretic technique they were able te extend the 
work of the previews studies te include the feur globulin fractions now 
in common use, rather than limiting their observations to total globulins 
or less specific turbidity teste for gamma globulin. Their results 
(Table 6) clearly show a significantly lower serum albumin in the Negro 
group, a8 well as a higher gamma globulin fraction than for Caucasians, 
but they also show significantly higher alpha-1 and beta whabulie 
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fractions in the Negroes, with no significant difference between the 
alphe-2 fractions, 


Table 6 


Serum Protein Fractions :* 
62 Healthy Caucasians & 62 Healthy Segroes 


in Te te on ea Sh 8 


40.51 40.54 40.066 40.126 40,127 40.23 


Negroes 7.59 4,27 9.32 0,64 0.98 1.37 

+0, 32 40.47 40,072 +4).105 40.19 40.30 

gd 1.08 3.63 2.66 1.21 4.11 4.87 
Pp 6.2 6,001 0.02 0,2 0.001 @.001 


*Mean resuits expressed in gn./100 mi. % 1 8. BD. 


With the weight of evidence presented here indicating that there 
are racial differences in serum proteins, even when comparing racial 
groups in somewhat similar environments, it becomes obvious that the 
Negro sample within the New Haven Survey should be treated separately 
from the White portion of the sample. it had been originally intended 
te select enly those areas devoid of Negroes for the reason that racial 
differences might affect the data, However, in the lowest sociceconomic 
areas it wae impossible to delineate an ares where unskilled white 
laboring families lived which had no Negroes. This presents a fortunate 
opportunity to study serum proteins in Megroes and Whites living in 
the same residential area, and for whom additional demographic ani 
elinical information is known. Of the 85 Negroes (31 males, 54 females) 
participating in the laboratory examinstions, 56 (16 males, 38 females) 


had complete electrophoretic analysis of their serum proteins. To 
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compare thie group with the Negroes studied by Pollek, one cam inamedi- 
ately say that: a) group size is similar, but more females are present 
in this study, b) age ranges are similar, ¢) beth groupe are in 
healthy state, although the New Haven sample will carry that range of 
health statue compatible with everyday activity, although perhape far 
from ideal, while Pollak's study simply states that all were in good 
health, This will, in any event, be only the secouk study available 
using filter paper electrophoretic methods to analyze serum proteins in 
healthy Negroes and Whites living umler similar conditions, and will 
offer the added pacenstel o£ more detailed knowledge about then, 
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No population studies are reported in the literature examining bath 
serum protein electrophoresis and serwa uric acid, UWowever, the report 
on the Tecumech (Michigan) Community Health Study (Mikkelson, et al, 
1965) reviews the age and sex relationships with serum uric acid found 
by other workers sad describes resulte found in 6,000 individuals in 
that community. In considering uric acid in adults, previous authors 
noted significantly higher levele in males et ail ages, and that uric 
acid levels either remain relatively constant with age or show only 4 
Slight rise with increasing age. In females, the results are more vari- 
able, with reports of 3) no age effect between 30-79, b) a gradual 
increase in aay acid through all ages, or cc) iittle variation until 
age 45 when levels begin te rise to approxinate those in men. 

In the Tecumseh Study the same significant sex difference is agaia 
documented, except at ages 44, 45 and 55-58 years, In adulthood the 
mean uric acid levels in males are at peak values between ages 20-24 
aiter which they decline slightly te a plateau except for a slight 
later rise at 55-59 years. Im females the age variation curve is 
distinctly different with an early slight decline and plateau until 
about age 40, then a slow rise from 460-54 years with peake at 50, 54 
and 60-64 years, 

With respect te hemoglobin and serw= protein electrophoretic patterns, 
there are two reports. The first comes from a study of Africans in 
Ugenda (Holmes, et al, 1951) in which it is noted that in peoled data 
from 150 subjects the red bleed cell count and chemically determined 
serum albumin correlate in a positive direction. At the same time total 
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protein falls slightly and serum globulin alse falls as the number 

of RBC rises. iIn a further examination of 110 individual eamples by 
chemical means of pretein fractionation (complete data in only 86), it 
is found that the changes in total, protein, albumin and globulin remain 
as described above, that the alpha and gamma globulin fractions remain 
relatively constant with changes in the RBC count, and that the diminu~ 
tion of the total globulin with the increase in RBC is mainly accounted 
for by a fall in the beta globulin fraction. 

In the Kristianstad Survey( Nilsson, et al, (1964) determined serum 
proteina by paper electrophoresis and alas obtained values for hemo- 
globin, RBC count, and erythroctye sedimentation rate in 207 individuals. 
Unfortunately, the data is not presented in such a way that the total 
protein and albumin means can be compared directly with hemoglobin, but 
certain correlation coeffielents can be noted. The correlation between 
beta-1 globulin and hemeglobin is significant but in a positive direction 
at the 10% level, and similarly for beta-1 and RBC at the 5% level. 

Other globulin fractiens do not show similar correlations and those between 
albumin and hemoglobin are not given. The ESR does significantly correlate 
in a negative sense with each the albumin, hemoglobin and RBC, but the 
conclusion that albumin and hemoglobin therefore positively correlate 
cannot be made from the available information, 

Mann (1966), in a Yale M.P.H. essay, examined the hemoglobin leveis 
in 1201 individuals from this New Heaven Arthritis Survey (1258 are used 
in the present study) and their relationships to each of the demographic 
categories which were used to describe the stad population. There is 
ne consideration of serum proteins, but in the analysis of variance, 


she finds several significant differences, The finding of higher 
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hemoglobins in males is clear. In malet the analysis of variance 

in hemegiobin is significant fer only social clase, employment status 
end marital status. She suggests that these three factors may be 
interrelated in their effect on hemoglobin, Tha relationship between 
¢ocial clase sud hemoglobin in males dees not follow a clear-cut trend; 
however, the analyeia of varience shows that the means do vary 
Sigadficantly at the $2 level. Hemoglobin shows a very slight decrease 
with age in wen, aud White males have bigher levels than Negro males, 
but the analysis of variance showa no significant difference, 

In fomales, she finds age, race and marital status significantly 
associated with hemoglobin, Age has a significant effact on hemo- 
globin in both races at the 1% level when considering women under 45 
(lower hemoglobin) as contrasted with those 45 and cider. Race 
Chemoglobin higher in White females) hes 2 significant offect at the 
1h. Level in all age groups, in all except single and widowed women. 
The effects of age and race appear to be independent of one another, 
but are more pronounced in Negroes. Parity (in number of live birthe 
te a woman) appears te have no significant effect, but single women had 
significantly higher hemoglobins than nulliparous women who were either 


marriad, separated or diverced, 
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II. GENERAL GUTLINE OF THE SURVEY 


The New Haven Arthritis Survey 


The Hew Haven Arthritis Survey was begun in the Fall ef 1903 with 
the purpose of collecting information on arthritis with regard te ite 
prevalence in a population of New Haven adults representing the various 
socioeconomic groupe in the city. Among other goals was a comparison 
of questionnaire, blood analysis, radiclegic and photegraphic infor- 
mation @s methods of screening fer joint dieease. This report is con- 
cerned solely with fractional analysis of the serum proteins as it 
relates te demographic deta and bleod analyses. The demographic data 
. analyzed here are age, sex, social class and area of residence (which 
are related), and race and the laboratory data used are hemoglobia, 
serum uric acid, total serum protein and albumin by chemical determia- 
ations, and the serum glebulin fractions alpha-1, alpha-2, beta and 
gaumea by paper electrophoretic means. 

The sample population was selected by social class, which wes 
predicted from the census tract data on the basis of dwelling as described 
in the 1960 census. Six discrete areas of the city were thus chosen so 
ae to have approximetely 500 adults aged 21 and over in each of the 
social classes I to V (Glass I being the highest). Then all persons 
aged 21 and over sctusily resident in these six areas were identified 
individually and became the study population, 

The first phase of contact with the survey population was made in 
the home when & qusstiounsive was used, which could usually be completed 
within two minutes. Demographic information wae gathered on age, sez, 
race, religion and, for secial classification, the education ard occu- 


pation of the head of the household. Social class was evaluated by 
se 
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the Hollingshead and Redlich (1958) two-point classification scheme 
ef education (weighted x 4) and occupation (weighted x 7) of the house- 
held head, There were alse questions on symptoms and previous histery 
o£ joint disease. In addition during this initial contact, the folicwing 
were accomplished: the aumber and names of ali persons in the house- 
hold 21 or over were asked to confirm the original listing obteined from 
census tract information; @ Clinistix was left with instructions for 
testing glycosuria; and an explanation and invitation to the survey 
mobile bus were offered, 

The survey bus was the center of operation for the second phase 
of data gathering. The bus, described fully elsewhere (Acheson, et 41, 
1965), was borrowed from the city chest x-ray program and equipped and 
staffed, when needed, for the survey. Interviews not already done in 
the home were taken, Clinistix results were reperted, time and type of 
last food intake were esked, bleod samples were obtained by venipuncture, 
and x-rays of the hands and feet were taken. Blood samples were sent 
te the laboratory and analyzed for hemoglebin, biceed group and type; 
ASLO (Anti-Streptolysin-6) titer, C-reactive pretein level and rheumatoid 
factor were assayed, the last named by the latex fixation method; totai 
serum protein, serum albumin, serum uric acid and bloed glucose were 
assayed with an AuteAnalyzer; and serum globulin fractionation was 
carried out by paper electrophoresis. 

O£ the 2,345 adults actually enumersted in the survey pepulation, 
94% answered the first phase questionnaire supplying the demographic 
informetion used here, while the blood analysis data comes from the 


61% (1,425) of the total population sample who had attended the survey 
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bue as of July 15, 1966. Although analysis for difference between 
groups attending and not attending the survey bus is not complete, we do 
know that with miner exceptions, the five secial classes in these at- 
tending were each homogencous with respect to: 1) uric acid 

2) hemoglobin 

3) morning stiffness 
vegardlase of the area in which they lived. (Acheson, personal 


communication). 
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IIL. LABORATORY METHODS 


Prior to the drawing of blood samples for laboratory determinations, 
persons were asked how long it had been since their last casting, and 
whether they had had breakfast, lunch, dinner or a snack. As about 1,200 
of the 1,440 samples were obtained at the survey mobile bus, the exceptions 
being drawn at a special survey clinic, persons had been walking or stand- 
ing immediately prior to sampling, and at variable outside ambient 
temperatures. With the subject sitting, a sample of venous blood was 
withdrawn with minimal delay, usually from an antecubital vein, into 
two separate vials, one with an EDTA anticoagulant for hemoglobin and 
bloed group determinations, the other with no additive for determinations 
on serum. 

Hemoglobin levels were determined by the standard cyanmethemoglobin 
method, Serum uric acid levels were determined upon dialyzed serum with 
the use of an AutoAnalyzer following Folin's phosphotungstate and cyanide 
method as adapted from Hawk, et al (1954). Specimens were exchanged 
at weekly intervals with the Public Health Service diabetes field study 
laboratory at Brighton, Massachusetts for comparison of uric acid, glucoge 
and rheumatoid factor results, and the results here for uric acid were 
consistently 0.2mg/100ml higher than those obtained by their uricase 
method (Acheson and O'Brien, 1966). 

‘Total serum protein and also serum albumin were determined quanti- 
tatively with the Technicon AutoAnalyzer, since the lissamine green 
stain used in the paper electrophoresis procedure is not reliable for 
quantitative measurement of the albumin fraction (see below). The 
biuret method was used for determination of total protein (Weichselbaun, 


1946), standardized against crystalline Bovine Albumin, Fraction V, 
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from Armour Pharmaceutical Co., Kankakee, Illinois. The bovine albumin 
standard curve for total protein compared quite closely with other 
curves based on crystallized human albumin (by Dade) or on Versitol. 
However, all results reported here are based on the bovine albumin 
standard. 

Serum albumin was not separated from the total protein, but was 
: quantitated on the basis of ite dye-binding capacity with 2-(4'-hydroxyazo- 
benzene) benzoic acid (HABA dye), alse with the above bovine albumin used 
as the standard (Rutstein, et al, 1954; and Wrenn and Feichtmeir, 1956). 
Late in the chronology of the survey, other standards such as human albumin 
(Dade) and Versitol were compared, and the results reported on the 
basis of the bovine albumin were 0.5-1.5 g/100ml higher than with these 
other standards. With a total protein comparable among standards and 
an albumin higher with the particular standard used, the globulins are 
expectedly low, since the quantity of total globulins is here defined 
as the difference between the total proteins and albumin as determined 
with the AutoAnalyzer. Nevertheless, the albumin method was consistent 
throughout the survey, so that, even though absolute levels ef albumia 
and globulins reported will contain this systematic error, other associ- 
ations, correlations, and trends will etiil be valid. 

The paper electrophoresis of serum proteins was done in a Spinco/ 
Beckman model R system using a plastic Durrum-type vertical descending 
cell and Schleicher & Schuell 2043-A paper strips. Strips were allowed 
15 minutes fer equilibration with the B-2 Veronal Buffer, pH 8.6, ionic 
strength 0.075, before the 0.006m2 serum sample was added. A constant 
current of 7.5 milliamperes was applied for 16 hours, Strips were then 


oven-dried at 65°C, Following drying, strips were pre-rinsed in purified 


t] 
va 
wer) ons @ NY 7 
Joslexve¥ 20 10 (obad x) ntoud 0 liad d boxdLinsegro no beans odes ey 
hae Rare toy ane ad 
aloud ie onived ods no bausd 918 oxod | bos togsz ettunex ue het Ae 
Se 


| sbrebage 


aew dud ntozoxq Ingos od aot beasteqes oom nel ntawdle ure | 
> 2e vs Ete teg 


-sasyxorbys- 'é)- S sistw waisaqes gatbatd-oyb ass to atid ods n0 besa t2aqup 
beau nisudis eaived eveds of? dsiw oale sob AaAu) bios okonued Seoeeet 


. (82el _tensioiet bus anex¥ bas peeer te te yakoyaaua) brabante on os 
mast Fe 
oievdia seme ee dove sbrebanse agen veers ona ad goteno:de ods hed “e 


bs 


ea3 no ravine e3iueex ous brs ,boraqnes oxew loatexev baw (ob00) 
esed3 dsiw ods todeid 1n001\g 2.1-2.0-o7ew nied Si liens we te ssoed 


wey ck 


bss ebssbnase eee obdetegue ntesorq 18303 s daw abbas 10890 F 
exe aelivdoly efi doew bzabasse welyolzing odd3 eiw wetens were! an 


was 


bentieb ered et anh Iudoly Isz02 to yiltowp rend onake we eibes 


to he wry 


bontaveseh 8u aimudle bes antatesq Lnses om asowsed vonsn0321b 2 
wld canta 


Jneselenos esw bortd oa atmdle oda <seotedsrovel -soaytenseaus oe d3iw 
, > bey Leraoans how 74 
atowdls io elovei eaniente fguods « neve odd of xovaue om Iwordg word 
Bhrate! 
~heonss resise -te7x8 ohsanoaeye eid3 ainsnos pw gp ty cat.Ludotg bse 
a “vids bAG 
-bilev od {fh30 iikw abnas hes ,asolseforse2 ganaiee | 
Pitre ene 
\oonlig’ s ai enob saw vatetian ms T9e do “staezedgors>0f0 reqag ern 
94) Sbioee . 
galinapes® feolizev oan aera oi3eeiq e gates vary a febow nsmiood 
j At 1 4s rastog se “oT } ie 
hepelte. stow eqir92 -qiaae veqen A-t008 ifeutioe 3 redodatdee 4 Foviane 
wliategds os iw view ¥ j 
ainel 2 8 ie agar taaoro¥ <a of date sonriece te wen | 
>, ‘easy og ay bette a 


Jas2en09 a. _sbebba aee otgeee mrnee otis st cotta chit ats 
asia o1py oo ose a yo boatagn enw seroqmelilin pein | 
J iP ae iat ney 7? Owen: vo) LZ ° 


bostrang at boomtr-og x9" san 


rS ,cilsed th onceot oe ¥itaae 


7 My eri ie | j ie he, 
Ps aa . Ae 7, "el (i a ee 


37 


methanol for three minutes to remove buffer salts, and were then subjected 
to 0.3% lissamine green stain in 15% acetic acid for 10 minutes. After 
staining, excess dye was removed with a triple 6-minute rinse of 2% 

' acetic acid solution until the strip ends were white, and the paper 

Strips were blotted and placed in a 65° oven heat until dry. With 
lissamine green there was no need for a final exposure to ammonia vapors 
for coler te develop before scanning, as with bromphenolblue dye. 

The choice to use lissamine green as the protein stain was based 
upon work by Gorringe in 1957, when that author found this dye to sat- 
isfy most of the following criteria for suitability in paper electro- 
phoresis work: 

1) give consistent results from one batch to another, 
2) stain protein but not paper, 
3) stain all proteins equally, 


4) retain a linear dye/protein relationship up to the maximum concen- 
tration of protein likely to be encountered, 


5) be readily eluted in a non-volatile solvent, 

6) be stable under conditions of use, 

7) give the same results by elution and by direct densitometry, 

8) be insoluble in clarifying agents used in direct densitometry, 

9) be quick, cheap, and simple to use, 

The notable exception to its suitability regards criteria 3 and 7 when 
using it for albumin, in which case it underestimates by about 17% 
(Gorringe, 1957) when scanning as compared with eluting. This discrep- 
ancy does not exist within the range of globulin concentrations normally 
encountered in human serum (ibid), and it is for this reason that paper 
electrophoresis was used only for proportioning of globulin fractions, 
while total protein and albumin levels were assayed using the methods 
described earlier. 
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Paper electrophoresis strips were scanned with transmitted light 
at 640 millimicra wavelength in a Densicord Densiomter (Model 542) which 
traced out the protein electrophoresis pattern according to the intensity 
of light interference at any given area. This unit was directly coupled 
with an Integraph Integrator which marked out @ numerical value for all 
areas under the electrophoresis curve. Then, dividing the curve by 
globulin fractions alpha-1 through gamma, each fraction was assigned a 
value in g/100ml om the basis of its relative area under the curve 
multiplied by the g/100ml of total globulins as determined from the total 
protein-albumin difference separately determined by the AutoAnalyzer, 
Total protein and serum albumin were not determined by electrophoretic 
means in this study. Both the dyed strips and the plotted electrophoretic 


patterns are permanently stored. 
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IV. DATA PROCESSING 


Recording 


Data both from the questionnaire and from the laboratory analyses 
were smesiut baiud for this study onto a single pre-coded form for each 
individual, This information was then punched and verified on standard 
60 column IBM cards for analysis. Each individual card is identified 
by two separate mmbers. The first, the survey number, is a four-digit 
number made up of the residential area (one to six) and three digits 
(001 to approximately 500) denoting consecutive order of survey contact 
within that area (e.g. 4-333). The second, the bus number, is a six- 
digit number denoting the date of visit (day of year plus last digit of 
year) and the number of the visit that day to the bus. (Example: 
623-5-03 for 23rd day of 1965, the third person visiting the bus on 
that day.) Both of these numbers are on each IBM card used in the 
analysis, and no individual had more than one card or data from more 


than one visit used in the finsl analysis. 
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Computation 


All computer analysis was done directly from the card-recorded 
data. As preparation of the data cards had proceeded longer than one 
year's time with different workers involved, a data check was first 
undertaken. Using a SNOBOL program and the IBM 1620, the two separate 
identification numbers were searched for correspondence and duplications 
with the deck of cards. Among 1,445 bus numbers, 20 were thus eliminated 
for one of the following reasons: 
1) person visiting bus was not living within the survey area, 
2) persen was from survey area, but was not at least 21 years of age, 


and therefore not eligible for the survey, 


3) person was in survey, but had visited bus previously with completion 
of full set of tests. 
Data on the remaining 1,425 cards were analyzed with the IBM 7094.)7040. 
system by application of Yale Computer Center programs 31-S and 71-8. 
For computation of means, standard deviations, and correlation coefficients 
(program 31-S) among the 12 variables used, data cards were variously 
sorted (IBM card serter) by sex and age groups fer each race separately. 
For the multiple regression analyses (program 71-8), cards were first 
sorted for completeness in each of eight variables to be considered. 
Various multiile regressions were thea carried out on both the data 


for White males (419) and White females (536) attending the survey 
bus. 
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Analysis 


Results in mean values for the various race, sex and age groups 
are presented in this analysis together with a one standard deviation 
limit, except in the case of figures showing mean values graphed by age. 
In this latter iastance, the means are plotted tegether with their 
95% confidence limits (42 $.D.). 

The Pearsonian correlation coefficients (&%) are presented and 
described, and those levels of significance noted are derived from 
standard tables of statistics. 

Data from the multiple regression analyses are presented in tabular 


form and briefly described. 
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V. FINDINGS 


Demographic Date 


Race and sex. Five categories of demographic information gathered 


through questionnaire reepense are considered, and they are: 
1) residential area 


2) social class 


3) age 
4) sex 
5) race 


O£ the 2,345 adults actually enumerated in the survey population, 1,425 
(60.8%) attended the survey bus and are considered in this study. Some 
of these had only radiography done, and blood sampling was not completed, 
Whites comprise 1,340 of this overall bus number (605 males, 735 females), 
and the remaining 85 are Negroes (31 males, 54 females). As an original 
goal of this survey was to hold constant the variable of race by choosing 
an all-Caucasian population sample, the Negroes unavoidably included 

in the sample are studied as a separate group. There are also a few 
Puerto Ricans and four Grientals who are included in the White sampic. 

The demographic catagories are, for the most part, complete for this sample. 
The laboratory analyses used in this report are incomplete in part for 

@ minimum of &5 Whites (30 males, 55 females) and 5 Negroes (3 males, 

2 females). Among the 1,340 Whites, data from the laboratory is complete 
for all variables considered in 955 individuals (419 males, 536 females) 
for 71.3% of that bus group. 

Residential area, As has already been stated, for both area and social 
class, a rating of one reflects the high end of the sociceconomic scale, 
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Thus “mean area” and "mean social class" could be calculated by analyzing 
the mean vaiues for these scores. It was necessary to select six areas 
for the five social classes in order to include social class one within 
the combined areas one and two in numbers which were comparable te 

those of other social classes available within a single area. Table 7 


shows the mean residential area score for the various groupes. 


Table 7 


Mean Score for Area by Race and Sex 


Group Mean Area + 1 8.D. 


1,340 Whites (both sexes) 3 + i 
605 White males 3.64 + 1. 
735 White females 3 +t 


85 Negroes (both sexes) 3.86 + 0,56 
31 Negro males 5.97 + 0,18 
54 Negro females 3.80 + 0.68 


39 Negroes (both sexes) 
aged 21 to 34 years 5.90 + 0,38 


46 Negroes (both sexes) 
aged 35 te 76 years 5.83 + 0,68 


This table illustrates that Whites studied have a distinctly lower mean 
area number with much greater variability than do Negroes. (Of 85 
Negroes studied, 78 live in area 6.) Furthermore, males and females 
within each race do not differ from each other with respect to residential 
area, 

Among Whites, the positive correlation coefficients (r) between 
area and social class are highly significant (range r=0.477 to 0.766; 
p<0.01) for all age groups (sexes either separate or combined) except 
for 16 females (mean age 78.7 years) for whom xr (0,549) is significant 
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at the 5% level and for the age group 21-24 years (sexes separate or 
combined) for whom there is only a very low degree of correlation 
(r=0.205 to 0.014). As Pearsonian correlation coefficients (r) are not 
designed for non-continuous variables, the ecores of area and social 
elass are better studied by rank order correlation (rho). The value for 
tho in this sample is 0.7. 

Correlations between area and age for Whites show an inverse corre- 
lation which is significant for females (4=-0,070, p about 0.05) and highly 
significant (p<0.01) for males (r=-0,169) and for the combined sexes 
(r=-0,115). 

Among Negrees, area and social class correlations are not signifi- 
cant in males or in the 35-76 year old group, but r is significant for 
females (r=0.342, p<0.05) and highly significant for ages 21-34 (4=0,527, 
p<0.01) and for all Negroes combined (r#0,323, p<@.01), in a direct 
relationship. 

The correlation between area and age is not significant for any 
Negro group studied, | 
Social class. As described above, the secial class scale of one to five 
ranks the highest socioeconomic class as one. Mean values for the 
various groups, including white males and females by age, are given in 


Table 8. 
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Mean Social Class Score by Race, Sex and Age 


Group a Mean Social Claes + 1 5.D. 

1,340 Whites (both sexes) 1,326 3.15 + 1.41 

605 White males $98 3,08 + 1.39 

735 White females 730 3.21 + 1.42 

605 White males by age group 

Range Mean 

(ears) (Years) 

35-44 39.9 123 2.85 + 1.35 

45~54 49.7 165 2,71 + 1.29 

55-64 59.0 98 2,94 + 1.36 

65-74 68.7 67 3.42 + 1.39 

735 White females by age group 

Range Mean 

(Years) (Years) 

25-34 29.7 117 3.43 + 1.40 

35244 39.8 157 2.92 + 1.31 

45-54 49,2 192 2.90 + 1.43 

55-64 59.4 125 3.38 + 1.39 

65-74 68.7 79 3.63 + 1.47 

&5 Negroes (both sexes) 84 4,67 + 0.80 

31 Negro wales 31 4,68 + 0,54 

54 Negre females $3 4,66 + 0.92 
Negroes aged 21-34 39 4.67 + 0,87 
Negroes aged 35-76 45 4,67 + 0.74 
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As with the data on residential area, social clase among the Whites 
is distinctly different from (lower rank valent, higher socioeconomic 
status) that of the Negro as weil as more variable. “There is ao sex 
difference for either race, and correlations with area are described 
above in that section, Correlation coefficients among Whites are only 
sporadically significant, but as seen in the above table, there is a 
trend in mean values for either males or females to higher socioeconomic 
status among the middle-aged groups. Among Negroes, there is no differ- 
ence between any of the mean values, although the correlation coeffi- 
client between social class and age is highly significant fer a single 
group, those 45 aged 35-76 years (r=0.404, p<0.01), probably a result 
of sampling. 


Age. The following table contains the mean age values for the various 


groups. 
Table 9 
Mean Age by Race and Sex 
Group n Mean Age in Years + 1 5.0. 
1,340 Whites (both sexes) 1,339 47.4 + 14.3 
605 White males 604 47.9 + 14.4 
735 White females 735 47.0 + 14.3 
85 Negroes (both sexes) 85 37.9 + 12.5 
31 Negro males 31 46.6 + 12.6 
54 Negre females 54 36.4 + 12,7 
39 Negroes (both sexes) 39 27.3 + 3.9 
aged 21-34 
46 Negroes (beth sexes) 46 ; 47,0 + 9.9 


aged 35-76 
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Mean age values for Whites show little sex difference (males 0.9 years 
greater) and no difference in variability. There is, however, a 9.5 
year greater mean value for Whites than for Negroes. Furthermore, 
Negro males average 4.2 years older than Negro females and 0.7 years 
less (1 5.D.) variability. it should also be noted that in the cider 
Negro ios group, while the range of age is 35-76 years, the mean age 
value of 47.0 years indicates a clustering towards the younger range. 

Correlation coefficients between age and both area and social class 
are described under those headings. 

Since the size (1,340) of the White sample sllowed subdivision by 
age groups for analysis, the range, mean and standard deviations of age 
among males, females and combined sexes of these groups were easily 


derived by computer and are presented below for reference, 


Table 10 


Mean Age in Whites by Sex and Age Groups 


MALES FEMALES COMBINED SEXES 

Age Range (yre.) nm mean 1+ S.D. n mean 1+ &.D. n mean + 1 5.0. 
21-24 - 26 22.7 41.12 44 22.5 + 1.13 72 22.6 + 1.12 
25-34 97 29.7 43.10 117 29.74 2.88 214 29.7 + 2.97 
35-44 123 39.9 ad 2.92 158 39.8 ~ 3.06 281 39.8 + 3,89 
45-54 166 49.7 +2.77 195 49.2 +2.98 361 49.4 + 2,90 
55-64 102 59.0 + 2.67 126 59.4+2.90 228 59.2 + 2.80 
65-74 68 68.7 42.71 79 GB.7 + 2.57 147 68.7 + 2.63 


75 &over 20 79,143.99 16 78.7+3.81 36 78.9 + 3.86 
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Laboratory Data 
(4ean Values and $.0D.) 


AutoAnalyzer results 


Total serum protein and serum albumin. Mean values, together with &.D., 
ef total protein and albumin are given below in Table 11 for beth race 


and sex, as well as the two broad age groups in Negroes. Figure 1 gives 
the same information with 95% confidence limits (+ 2 8.D.) for individual 


age groups among White males and females, 


Table 11 


a 


Tetal Protein and Albumin by Race and Sex 


Group n *fotal Protein *Albumin 


1,340 Whites 


(both sexes) 975 7.49 + 0.68 5.10 + 0.56 
605 White males 438 7.57 + 0.67 5.25 + 0.54 
735 White females 537 7.42 + 0.68 4.98 + 0.55 
&5 Negroes 

(both sexes) 57 7.55 + 0.70 4.90 + 0.48 
31 Negro males i9 7.43 + 0.56 4.96 + 0.41 
54 Negro females 38 7.62 + 0.76 4,86 + 0.51 
39 Negroes 

aged 21-34 yrs. 23 7.54 + 0,88 4.86 + 0.52 
46 Negroes 


*Unite in g/100ml + 1 $.D. 
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Table 11 and Figure 1 illustrate that tetal serum protein are hemo- 
geneous when studied by age, sex and race, Serum albusin shews somewhat 
higher mean values in Whites when compared with Negroes (5.10 vs. 4.90 
g/100m1) and in men of either race when compared with women of the same 
race (Whites: 5.25 vs. 4,98; Negroes; 4.96 vs. 4.86 g/100m1). The most 
notable finding is that serum albumin, when plotted against age in Whites, 
shows a marked and progressive trend towards lower albumin levels in the 
older age groups. This decrease in serum albumin is greater for White 
males (5.55 to 4.49) than in White females (5.14 to 4.67 2/100m1). The 
male albumin levels are 9.3-0.4 2/100mi greuter than females between the 
ages of 21 and 54, after which age the downward slope of the male curve 
changes more rapidly than the female slope and the two means become more 
similar. Finally, in the small groups aged 75 and older (12 males, 13 


females), the male value falls below the female mean value. 
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Serum uric acid. Uric acid data is presented as for serum protein in 


tabular and graphic form (Table 12 and Figure 2). 


Table 12 


Serum Uric Acid by Race and Sex 


Group a *Mean Uric Acid 
1,340 Whites (both sexes) 4,253 5.48 + 1.52 
605 White males 575 6.37 + 1.36 
735 White females 680 4.72 + 1.20 
$5 Negroes (both sexes) 80 5.16 + 1.54 
31 Negro males 28 6,05 + 1.31 
54 Negro females 52 4,68 + 1,44 
39 Negroes 

aged 21-34 years 36 4.58 + 1.49 
46 Negroes 


aged 35-76 years fey 3.63 + 1.42 


*Unite in mg/l00ml + 1 S.D. 
These data clearly show the sex difference of males greater than 
females which is similar in both races, but a difference somewhat greater 
in the Whites (\-65 vs. 1.37 mg/100ml). ‘There is a racial difference 
of only 0.3 mg/100m1 greater in Whites which is present in males or in 
the combined sexes group, but absent when females of the two races are 
compared, An increase in serum uric acid is present with increasing 
age in White males (5.83 to 7.06 mg/100m1), White females (4.45 to 
5.14 mg/100m1) and Negroes when compared young vs, old (4.58 to 5.63 mg/i00ml), 
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Among Whites thie increase in males (1.23) is 78% greater than that in 
females (0.69). ‘The uric acid increase with age among White females 
follows a smooth and gradual increase when compared with that in males, 
In males starting at 5.83 mgz/100mi at age 21-24, there is a continuous 
rise until an early peak (6.64 mz/100m1) at age 35-44 with a fall by 
age 45-54 to the earlier levels, then a lesser rise by age 55-64 (6.45 
mz/100m1), a plateau until 65-79 (6,58 mg/100m1) and a final rise again 


amongst the 18 over 75 (7.06 mz/100m1). 


Paper electrophoresis results 
Total globulins and globulin fractions. Before presenting and describing 


the results of paper electrophoresis studies on individual globulin 
fractions (alpha-1, alpha-2, beta and gamma globulins), a summary table 

is presented with mean values for each race and sex, as well as for young 
vs. older Negroes, Electrophoresis was completed on the sera of 973 
Whites and 56 Negroes. For additional reference, the summation of the 
four globulin fraction means is included as "total globulins". It should 
be stressed that the total globulins figure was not, in fact, determined 
by electrophoretic techniques, but rather is defined as the difference 
between the total protein and albumin values obtained by the AutoAnalyzer, 
The g/100m1 values for the individual globulin fractions were obtained 

by proportioning this “total globulins" among the four fractions according 


te their relative amounts as determined by the electrophoresis. 
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Table 13 


Paper Blectrophoresis of Serum Globulins 
(g/100m1 + 1 &.D.) 


NTR RARER TRS OG AAI PR ERNE SEEN STEAMER ENTE ELIF MELA EAMETS ESR ME NBL ILD ALS ALGAE IA PSEA GLE SER ELLIO I LEI LIE SLE ED CLD ELAN SEE MEER LO LEG LIER LSA TEL OL ALLTEL ALLIED AEN OLA MEE 


total 
Group n alpha, alphag beta gamma globulins 


1,340 Whites (both sexes) 973 0.305 0.499 0.681 0.897 2.382 
40.122 40,181 40.228 40.348 


605 White males 438 0.297 0.475 0.668 0.872 2.312 
40.130 +0.184 40,230 40.344 


735 White females $35 0.312 0,518 0.692 0.918 2.440 
40.114 40.177 40.227 40,351 


85 Negroes (both sexes) 56 0.326 0,534 0.721 1.078 2,659 
40,159 40,181 40.218 40.431 


31 Negro males 118 4 §=60.315 0.473 0.651 1,007 2.446 
40,105 +0.157 40.175 +0,391 


54 Negro females 38 0.331 0.563 0.755 1,112 2.761 
40.181 40.186 940.230 40.449 


39 Negroes 3 23 0.347 «0.538 «= s«0. 758) «1.058 ~=Ss 2. 701 
aged 21-34 years 40.225 40,203 40,258 40.508 
46 Negroes 33 0.310 0,531 0.696 1.092  2.629° 


aged 35-76 years 40.092 40.166 40.185 40.375 
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Alpha-1 globulin (Figure 3). Differences from the mean alpha-i giebulin 
level (0.305 + 0.122 g/100m1) for the entire White sample are only min- 


imal when sexes are separated, those fer White males (0.297 + 0.130 
g/100m1) being paren lower than for White females (0.312 + 0.114 
g/100m1). Negroes as a group show higher mean (0,326 + 0.159 g/100m1) 
than Whites, and as in Whites, Negro males (6.315 + 0.105 g/100m1) have 
mean values lower than those for Negro females (0.331 + 6,161 g/100m1). 
Examination of the age-specific curves in Figure 3 indicates no 
Significant change with age in the alpha-1 globulin for either sex until 
after ages 55-64 when male levels rise abeve female levels to 0.342 
+ 0.153 g/100ml at 65-74, and 0.358 + 0.107 g/100m; at 75 and older. 
Female Whites show a final high with a rise to 0.352 + 0.123 g/100ml 
at 75 and older. The Negroes when divided by age show a fall from 
0.347 + 0.225 g/100ml in the younger group, to 0,310 + 0.092 2/100m1 
in the group aged 35 years or more. 
Alpha-2 globulin (Figure 4). Mean alpha-2 globulin for White males and 
females senbinnd is 0.499 + 0.181 g/100ml, with higher levels in females 
(0.518 + 0.177 g/100m1) than in males (0.475 + 0.184 g/100m1l). This 
sex difference is greatest in the 21-24 year old group (females, 0.5353 
+ 0.181 g/100m1; males, 0.418 + 0.208 g/100m1), and is reversed only 
in the 75 and older group (females, 0,585 + 0.163 g/100m1; males, 0.624 
+ 0.148 g/100m1). ‘There is a relative plateau in both sexes between 
the ages of 25 and 54 years, with both sexes increasing after 54 years 
in each subsequent age group. This increase is more rapid in White males 
than in White females. 
In comparing the two races, Negroes have a higher mean (0.534 + 
0.181 g/100m1) for combined sexes which is a result of the markedly 
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higher mean in Negro females (0.563 + 0.186 g/100m1). There is no 
difference in the mean in Negro males (0.473 + 0.157 g/100ml) from that 
of White males, and there is little difference in the means of young 
Negroes (0.538 + 0.203 3/100m1) as compared to older Negroes (0.531 
+ 0.166 g/100m1). 
Beta globulin (Figure 5). Little sex difference is found in mean 
beta globulin levels among Whites when comparing the combined sexes 
(0.681 + 0.228 g/100m1) with either the males (0.668 + 0.236 g/100m1) 
or the females (0.692 + 0.229 g/100m1) separately, There is essentially 
no change with age in either sex until after ages 45-54 when both males 
and females show an increase in beta globulins, The rate of increase 
is similar in both sexes until ages 65-74, after which the males continue 
an increasingly rapid rise (0.880 + 0.234 g/100m1) to surpass the female 
level which has fallen from 0.786 + 0.226 g/100ml at ages 65-74 to 0.714 
+ 0.235 g/100ml at the oldest ages. 

As with the alpha-2 globulins, a cemparison of the two races shows 
a higher mean beta globulin level among Negroes (0.721 + 0.218 g/100m1) 
which is due to the high mean in Negro females (0.755 + 9.230 g/100m1). 
Negro males show a markedly lower mean (0.651 + 0,175 g/100m1) than the 
Negro females, and one which is also definitely lower than the mean for 
White males. Among the broad age groups in Negroes, as with alpha-1 
globulin the younger show a higher mean beta globulin (0.758 + 0.258 g/100m1) 
than do the group aged 35 and over (0.696 + 0.185 g/100m1). 
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Gamma globulin) (Figure 6). Mean gamma globulin level in Whites is 
0.897 + 0.348 g/100m1 for the combined sexes, 0.872 + 0.348 g/100m1 in 


males and 0.918 + 0.351 g/100mi in females, The excess in gamma globulins 
in females is greatest at ages 21-24 (0.976 + 0.392 g/100ml vs. 0.805 

+ 0,347 g/100mi in males) and gradually diminishes to -0.001 at ages 

65-74 (female mean of 1.020 + 0.424 g/i00m1) and then is reversed after 

age 74 when mele means of 1.032 + 0.414 g/100m1 greatly exceed female 
weans of 1,052 + 6.336 g/100m1. However, the samples are small after 

age 74. There is relatively little change with age for White males between 
21 and 54, pas for White females between 25 and 64 years. 

Negroes have a higher gamma globulin level than Whites when comparing 
sexes seiabind (Negroes; 1.078 + 0.431 g/100m1), males (Negroes: 1,007 
+ 6.391 9/100m1) or females (Negroes: 1,112 + 0.449 g/100m1). The 
excess in mean gawma globulin in females is 10.4% in Negroes compared 
with 4,1% excess in White females, with respect to levels in males of the 
same race, There is a small rise with age among the Negroes, with the 
mean of 1.058 + 0.508 g/100ml in the younger group (mean age 27.3 years) 


rising to 1.092 + 0.375 g/100ml in the older group (mean age 47.0 years), 


et 
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and 13). As mentioned earlier, the findings for mean total protein and 
albumin by race and sex are that total protein varies little, being 
highest in White males and Negro females, At the same time albumins 
show higher levels in Whites and in males within each racial group. 
These differences produce, by subtraction, higher total globulins in 
females, with those in the Negro females being clearly above all others, 

In examining the globulins for each fraction, Negroes have higher 
values than Whites, females have higher values than males of the same 
vace, and Negro female levels are higher than these in White females, 
Wegre males have higher alpha-1 and gemua globulins when compared with 
White males, but have alpha-2 levels just below those of White males 
and beta globulins rather lower than White males, Whites differ by 
sex mostly in the alpha-2 and gamma fractions, while Negroes show large 
differences in all but the alpha-l fraction. In differences between 
the races, the least is in the alpha-1 globulin fraction, more in the 
a@lpha-2 and beta fractions (which are mainly accounted for by the high 
levels in Negre females) and clearly the most racial difference (notable 
in each sex) lies in the gamma globulins. 

When considering age patterns in serum globulin fractions, the 
findings in Whites are that after various changes in the third decade 
of life, levels remain relatively stable between ages 25 and 54 years, 
After 54 there is a rise in each fraction in both sexes, and this in- 
erease is consistently more rapid in males. Furthermore, although 
females have higher globulin levele at most ages, after 74 male levels 
inveach fraction are greater. In alpha~1 and gamma globulin this reversal 


takes place after 64, 
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The absolute change with age appears te be im reverse order to the 
electrophoretic mobilities of the various fractions. That is, alpha-~1 
(the fastest moving fraction) varies least with age, alpha-2 next, beta 
more and gamma globulin most of all. As an approximate estimate of whether 
this difference in absolute change is a result of the quantity of each 
fraction usually present in serum, a few simple calculations are pre~- 
sented, If the difference in mean values of the youngest and the oldest 
age groups for each fraction in White males and White females is expressed 
as a percentage of the mean in the youngest group, the increases with 


age are as follows: 


1) alpha-1 oe es 
a ghee 49.6% jie 
3) beta 38.4% es 
ieee 61.7% 7.8% 


As these simple differences between means in the extreme age groups 
(which are small samples) do net represent the entire age patterna, 
they must be taken only as general trends, For example, the mean gamma 
globulin decreases in females after ages 21-24 to a plateau until after 
age 64, If the baseline gamma globulin in females is taken as that at 
agea 25-34, the increase by the oldest age is 19.9%. Similarly, the 
change in beta globulin in females from ages 21-24 to 65-74 is 16.8%. 
We may therefore say that there is a difference in both the absolute 
and the relative increases with age in the various globulin fractions, 
and that the trend is move striking in males than in females. Depending 
upon the age limits examined, the relative changes among globulin frac~ 
tions in females are rather similar or are more marked in the beta and 


gamma fractions. 
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Among Negroes, the change within the two age categories studied show 
a@ more variable pattern. There are minor differences in total protein, 
albumin and, therefore, total globulins by age, but the alpha-1 and 
beta fractions (and the alpha-2 glebulins minimally) decrease with age 
while the ganma glebulins increase with age. 
Hemoglobin results. Mean hemoglobin levels are higher in males compared 
with females of the same race, and higher in Whites when compared with 


Negroes of the same sex, These mean values are given in Table 14 below. 


Table 14 
Hemoglobin (g/100m1) by Race and Sex 
1,340 605 White 735 White 85 3l Negro 54 Negro 


Whites males Negroes males females 
na 1,184 539 645 74 25 49 
mean 14.46 15.44 13.64 13.40 14,64 12.76 
1 §.D. +1,63 +1,34 +1.38 41.94 +1.82 +1.68 


Examining the age curves for Whites in Figure 9, it can be seen that 
in males there is no change until ages 45-54 when the hemoglobin falls 
progressively from a mean of 15.48+ 1.48 2/100m1l to a mean after age 
74 of 14.95 + 1.20 g/l00ml. The pattern in White females is different, 
starting at ages 21-24 at 13.67 + 1.19 g/100m1, falling to a low of 13,19 
+ 1.28 g/100ml at ages 25-34, rising to 13,82 + 1.53 g/100ml between 
ages 45-54, and then remaining within 0.09 above that level for the 
remaining ages. 

Negroe: hemoglobin levels rise with age from 12.98 + 2,06 g/100mi 
for the 21-34 year old group, to 13.75 + 1.77 g/100ml for the group 
aged 35 and above, 
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Laboratory Date Correlations with Social Class and Age 


hemoglobin 


fractione arid uric acid. 


Cerrelation coefficients (r) between tsa wardens factors studied were 
done in order to gain some indication of the extent and direction of the 
relationship between these factors, both in the case of relationships 
previously reported in the literature and of those which became apparent 
through the analysis of means when greups were sorted in manner described 
in the present study. Furthermore, the ease with which great numbers 
of correlation coefficients are generated by use of computers offers 
one means of uncevering clues to relationships within large quantities 
ef data which otherwise are unsuspected, 

Correlation coefficients between social class and total proteia, 

*remoglobia 

albumin, globulin fractions and uric acid were done, and in Whites of 
all ages the only significant correlations with secial class are those 
of serum albumin in an inverse relationship (combined sexes, r=-0.0824, 
n=965, p<0.01; males, r=-0.1156, ne432, p< 0.05; females, r=-0.0434, 
n=533, p-NS at 5% level), and of serum uric acid in White females in 
a direct relationship (**0.1201, n=676, p<0.01). That is, among Whites 
albumins tend to be greater in the higher secioeconomic groups except 
for females studied alone, and among females, uric acids are higher in 
the lower socioecenomic groups. 

When age subgroups are considered, several correlations are signif- 
icant at the 5% level fer total protein, albumin and hemoglobin in the 
same inverse relationship noted above for albumin, but the pattern is 
sporadic, For uric acid and globulin fractions, correlations of signif- 
icant level with social class are also sporadic among the age subgroups, 
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but values of r are neither consistently positive nor consistently 
negative. 
No significant correlations with social class are present in any 


of the Negre groups. 
yemog|.oben. 
Age with total protein, protein fractions and uric acid. If correlations 


with age are examined for each of the variables under consideration, 
significant levels are obtained in Whites in each instance except alpha-1 
globulin for at least two of the three groupings of combined sexes, males 
ex females, although some of the correlations are positive and others 

are negative. This fact is shown below in Table 15. When the more 
narrow age pabieiniai et ten years (or four years in the case of the 21-24 
year old subgroup), significant levels of correlation are expectedly 

few and sporadic, 

Among Negroes, age and hemoglobin correlate significantly and 
positively in the combined sexes (r=0.2970, n=72, p=0.01) and in females 
(r=0.3649, n=49, p<0.01), but not in males, Age and uric acid correlate 
Significantly and positively in each of the three Negro groups: combined 
sexes, r=0.4579, n=80, p< 0.001; males, r=0.4253, n=28, p<0.05; and 
females, r-0.4363, n=352 p<0.01. When the two broad Negro age subgroups 
(21-34 and 35-76 years) are examined, age shows a negative correlation 
in the younger group with alphe-2 globulin (r=0.4656, n=23) and a positive 
correlation with hemoglobulin (r=0.4121, n=34) and with uric acid in 
beth the younger (r=0.3333, n=36) and older (r=0.3626, n=44) groups, 


all significant at the 5% level. 
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Table 15 
Correlations between Age and Laboratory Findings 
in Whites 
White 
White Males White Pemales Sexes Combined 
Age and a r P a r p n Y p 
Total Protein NS $37 -~0.0871 <0.05 974 -0,0784 <0.05 


Alpha-1 Globulin =. - ae an NS 972 0,0690 <0.05 


Alpha-2 Globulin 437 0.1635 <0.01 535 0.0976 <0.05 972 06,1251 <0.01 


Beta Globulin 437 0.1547 <.01 535 0.1273 <0.01 972 0.1387 <0.01° 
Gamma Globulin 437 @.2039 <0.0i - - NS 972 0.1239 <0.01 
Uric Acid 574 0.0959 <0.035 680 06.2716 <0.001 1254 0.1655 <0.01 


Hemoglobin 538 -0.1096 <0.05 645 06.1645 <0.01 - . nS 
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Intercorrelations between Total Protein, Albumin, 
Globulin Fractions, Uric Acid and Hemoglobin 

Total protein. As might be expected, total protein in Whites correlates 
significantly and pesitively te a very high degree with albumin and each 
of the four globulin fractions, whether sexes are considered separately 
er combined, These correlations are shown in Table 16 for groups with 
ages combined. When age subgroups are considered, similar values of r 
are found consistently. The range of values of correlation coefficients 
with total proteins in the age subgroups in Whites are as follows: 

Meles, albumin 0.1518-0.5057, globulins 0.3255-0.8342; 

Females, albumin 0.1968-0.4865, globulins 0.2701~-6982; 

Combined Sex, albumin 0.1341-0.4867, globulins 0,3135-0.7077. 
The degree of correlations shows no pattern with age. A single negative 
value of r (-0.1289) for total pretein and albumin in White males aged 
21-24 is not included in the ranges listed, and is probably due to 
sampling. Two other points can be noted, First, correlations for tetal 
protein and the feur globulin fractions in any given group or age sub- 
group studied show rather consistently an increase in r as one proceeds 
from alpha-i through alpha-2, beta and gamma globulins. That is, at 
any given age total protein correlates more highly with the gamua fraction 
than with any other globulin fraction, Secondly, of the few age sub- 
groups in which this pattern of correlation with tetal pretein alters 
somewhat, ages 55-64 in males, females and combined sexes show a similar 
decrease in r from alpha~1 to alpha~-2 before continuing on to a maximum 
value in the gamma fraction. Nevertheless, these values of r for total 
protein and alpha~-2 globulin still maintain high levels cf significance, 
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Table 16 


Correlation Coefficients (cr) and Sample Size (n) 
Between Total Protein and Protein Fractions 


Globulins 
fotal Protein &: Albumin Alpha-1 Alpha-2 Beta Gara 
All Whites 0.3426 0,4436 0.4551 0.5541 0.6064 
(975) (973) (973) (973) (973) 
White Males 0.3095 0.4597 G,5187 0.5789 0.6149 
(438) (438) (438) (438) (436) 
White Females 0.3435 0.4494 0.4360 0.5512 0.6210 
(537) (335) (535) (535) (335) 
All Negroes 0.1444 0.4417 0.5497 0.5957 0.7634 
(57) (36) (56) (56) (36) 
Negre Males (0.1291 ~0,.4045 6.7901 0.7307 0, 7024 
(19) (18) (18) (18) (18) 
Negro Females 6.1682 0.6143 06,4665 0.5493 6.7792 


(38) (38) (38) (33) (38) 
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Negroes of either sex de not show a significant cerrelation between 
total protein and albumin, but do show pesitive correlations significant 
at the 1,0-0,1% level between total protein and the four globulin frac- 
tions when studied by either sex er age. The only exception to this is 
between total protein and alpha-1 globulin fer which the correlation 
ig not significant in two instances, a negative value in Negro males 
(r=-0.4045, n=18) and a positive r in Negroes aged 35-76 (r=0.1754, 
n=33). 

Correlations between total protein and uric acid are positive and 
significant in Whites fer the combined sexes (r=0.1571, n=969, p<0.01), 
the males (r=0.1147, n=435, p< 0.05) and the females (r=0.1164, n=534, 
p<0.01). Such correlations are significant in about one third of the 
age subgroups in Whites, but foblow no ordered pattern, Total protein 
and uric acid do not correlate significantly in any Negro group studied. 
These correlations are tabulated in a later sectien (Table 21) under 
uric acid, 

Total pretein and hemoglobin correlate highly in positive sense in 
Whites of combined sexes and females, but do not correlate significantly 
in White malee (r=0.0611, n=525), Negrees (r=0.1236, n=54), Negro males 
(r=0,2400, n=18), or Negro females (r=0.2573, n=36). Further consid-~ 
eration of Whites and White females by age iS shown below in Table 17. 

This table shows that the highly significant correlations fer tetal 
protein and hemoglobin are concentrated between ages 25 and 44 years 
in beth the Whites ef combined sexes and females alone. Only the com- 
bined sex group aged 75 and over is alse significant, and furthermore, 
White males show no significant correlation fer total protein and hemo- 


globin for similar ages of 25-44 and 75 and over. 
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Table 17 


Correlation Coefficients («) for 
Total Pretein and Hemoglobin in Whites 


Age Sexes Combined White Females Only 


is ¢ i. Fr 


All ages 915 0.1285 0,01 507. 0.1214 9.01 


21-24 54 -0,0117 NS 32 0,0640 NS 
25-34 142 0,2780 0.01 77——« 03871 0.001 
35-44 189 0.1937 9.01 107 ‘gcse ? 0.01 
aes 247 = ~0.0008 NS 133 +0,0183 NS 
55~64 156 =O, 1271 NS 91 -0,0039 NS 
65-74 102. 0.1485 NS 54 0.2283 NS 
78 & over 24 0.4063 0.05 33 0.3201 NS 
Albumin. In addition te the significant direct correlation between albu~ 


min and total protein, albumin consistently correlates inversely with 
each of the four globulin fractions. These correlations differ little 
ene fraction to the next for a given group, and the pattern remains 
consistent in each age subgroup. The correlations listed in Table 18 

for the large White groups ere each significant at the p 0,001 level. 
The correlations in Negro groups show similar correlation coefficients, 
but in view of the small sample sizes, the level of significance of these 


correlations is lower and more variable, 
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Table 18 


Correlstion Coefficients (+) Between 
Albumin and the Globulin Fractions 


Group n Alpha~1 Alpha~2 Bets Gamma 
*AlL Whites 973 -0,2731 ~0.3652 ~0.3338 -0,3435 
Mite Males 438 -0,2968 «0.3640 -0.3637 ~0,4083 
“ihite Females 535 -0.2416 ~0,3373 ~0,3050 ~0,2824 
All Negroes 56 -0.2580 -0,3398 -0.5024 -0.3456 
Negro Males 18. «0,0027 -0,1146 -0,4867 -0,4071 
p=Ns pels p<0.63 p<0.10 
Negro Females 38 «= -0,, 3133 ~0,3914 «0.4948 -0.3143 
p <0.10 p<0.05 p<0.01 p<0.10 


significant p <0.001 


Correlation coefficients between albumin and uric acid are positive 
and significant in the tetal White group (r=0.1962, n=969, p <0.01) 
and the White females (r#0.0893, n=534, p<0.05), but not in White males 
or in Negroes of beth or either sex. When considered by age subgroups, 
albumin and uric acid correlations continue at the 1% level of signifi- 
cance for Whites of combined sexes in all but the 75 and over year olds. 
However, in White males no age subgroup showed a significant correlation 
and only the 25-34 year old White females correlated significantly (r= 


0.2838, n=85, p<0.01). It can siso be noted that in the Whites of 
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combined sexes aged 25-34, the level of significance attained is 0.1% 
vather than 1%. In Negroes, albumin and uric acid correlated at the 

5% level only when divided by age, r being positive under 35 and negative 
in those 35 and older. All these correlations, including the age sub- 
groups for the combined sexes in Whites, are listed in a later table 
(Table 21) under uric acid correlations, 

Albumin and hemoglobin do not correlate significantly in any of the 
Negro age or sex groups, but do correlate positively and significantly 
in combined sexes in Whites (r=0.2489, a=915, p< 0.001), White males 
(r=0.1150, n=408, p< 0.05), and in White females (r=0,1498, n=507, 
p<90.01). When Whites are divided by age (see Table 19), in the com- 
bined sexes significence is maintained in 911 but the 75 and over category, 
in White females in all but those aged 45-54 (in 21-24 year olds, only 
the 10% level is attained), but in White males no significant correlation 
is found in any age subgroup. It can be noted that in each of the three 
White groups, some of the lowest correlations between albumin and hemo- 
globin are found in ages 45-54, 

Gebulin fractions. The significant direct correlation between the four 
globulin fractions and tetal pretein and the inverse correlation with 
albumin have already been described above, The globulin fractions them- 
selves correlate highly one with another, and the ranges of values of 

¢ fer the six large groups of sexes separate or combined are 0.4022 

to 0.6505 in Whites and -0.2681 to 0.8423 in Negroes, Excluding the 
negative values which are confined to each alpha-1 correlation in Negro 
males (none of which reach significant levels and are possible due to 
sampling), the Negro range becomes 0.3478 to 0.8423. In general, even 


with age subgroups considered separately, each globulin correlates more 
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highly with those of more similar electrophoretic mobilities. There is 
some variation in this pattern found at times with an increased correlation 
between alpha-1 and gamma and a decreased correlation found at other 
times between alpha~2 and beta as compared with other globulin corre~ 
lations for a given group studied. Aa an example of this overall pattern, 
the various correlations among globulin fractions for the total White 
group is given below. 

Table 26 


Correlation among Globulin Fractions in 973 Whites 


alipha~1l alpha-2 beta gamma 
Alpha-1 1.0000 
Alpha-2 0, 5250 1.0000 
Beta 0.4567 0.5078 1.0000 
Ganma 0.4316 0.4590 0.6023 1.0000 


When the data are considered on a race or sex specific basis no 
Significant correlation for any globulin fraction and uric acid is ob- 
served, Similarly, when considering correlations for globulins and 
hemoglobin by race and sex, the only significant correlations are negative 
and are found between alpha-2 and hemoglobin in Whites of combined sexes 
(r= -0,1073, n=914, p<6.01) and White males (r= -0.0984, n=408, p< 0.65). 
If these significant correlatiens between alpha-2 globulin and hemoglobin 
are further examined by age, the combined sexes show a significance at 
the 1% level in ages 21-24 (r= -0.3600, n=54) and the White males show 
5% significance levels in three age subgroups, 21-24 (r= -0.4487, n=22), 
35-44 (x= -0,2228, n=82) and in 55-64 (r=0.2677, n=65). In this last 
innig of White males, note that the relationship is a direct rather than 


an inverse one, 
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Uric Acid. Table 21 lists by race, sex and age the correlations of serum 
uric acid with each serum protein studied and alse hemoglobin. In 
Whites, total protein correlates positively and significently with uric 
acid when studied by sex, but when the factor of age is considered, the 
Significant correlation is absent in many eubgroups. In the combined 
gexes group in Whites, albumin correlates significantly and positively 
with uric acid in every age subgroup but those over 74, while in the 
separate sexes there is but a single female subgroup (aged 25-34) which 
is significant. Uric acid and hemoglobin correlate directly with high 
Significance in the combined sexes in Whites both for all ages as weli 

as for separate ages. This significant correlation is present for each 
sex if all ages are considered together, but if ages are separated the 
significance is irregular. 

Hemoglobin. Correlations between hemoglobin and the serum protein and 
serum uric acid levels have been discussed under those sections. Most 
notable are the correlations between hemoglobin and total protein (p.72) 
in White females and those of combined sexes, between hemoglobin and 
albumin (p. 75) in each White group of combined ages, but only in the 
combined sexes and the females when age subgroups are considered separately. 
Hemoglobin and uric acid (above) correlate significantly in each combined 
age group of Whites, but in age subgroups only the combined sexes corre~ 
late consistently, while the separate male and female age subgroups show 


a varied pattern of significance. 
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Multiple Regression Analysis 


Two sets of multiple regression analyses are presented in the following 
two tables. Each set considers for 419 White males and 536 White females 
various combinations of the following parameters; age, hemoglobin, albumin, 
the four globulin fractions (alpha-1, alpha-2, beta and gamma) and uric 
acid. 

The first get places uric acid in the role of dependent variable, 

In males, hemoglobin, age and albumin are in that order the best predic- 
tors of uric acid, with the four globulin fractions contributing little 

additional. In females, uric acid can be best predicted by age, albumin 
and hemoglobin in that order, with little contribution from the globulia 
fractions. In addition, using age as a sole independent variable lowers 
the multiple cerrelation coefficient KR little, and produces the Largest 

F-ratio of the set, 

In the second set of analyses, hemoglobin is the dependent variable, 
In order of predictive value, in males are uric acid, albumin and age 
(the letter having a negative regression coefficient), with the globulins 
of no significance. In females, age, albumin and also uric acid are 
good predictors of hemoglobin, accounting for approximately 9% of its 
variability. Age and albumin paired as independent variables allow esti- 
mation ef hemoglobin nearly as well as the combination of all seven 
variables, and age, albumin and wric acid each taken alone are significant 
parameters. Again, the globulin fractions contribute no significance 


over that of the three factors indicated. 
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Vi. Summary, Discussien and Conclusions 
The survey 

The sample fer this study comes from the New Haven Arthritis 
Survey, and as far ee i# known comprises the largest single group 
other than hospital patient series in which serum proteins have been 
studied by electrophoresis of any type. There were sera from 1029 
adult individuale (973 Whites, 56 Negroes}; the only group which app- 
reaches this in size is that of 1005 sera studied tn the Philippines 
by Semson et al (1965), but this wicten ahes contained cord bload 
samples from newborns, however, a6 well as the range of ages younger 
than those studied in the Hew Heaven sample. ‘There are few other sur- 
weys where .the full range of adult ages ta studied for serum proteins 
by peper electrophoresis, and only one other among Caucasians, namely 
that of Rileson et al (1964) in 207 Swedes, of a general population 
living at home and net screened for either health or disease (See 
pages 8,9,14,15). Pollsk (1961) used paper electrophoresis of serum 
proteine a6 the basis for his study of Caycaeians and Negroes Living is 
similar environments, 

The New Haven sample is aot complete, denies dich ef the total 
population wae tested for blood, urine or radiographic findings. Of 
these only 71% had blood analyses complete for all factors studied here, 
while 88% had at least hemoglobin and 94% at least uric acid determi - 
nations. 

Three serum protein studies use the Spince method of paper elect- 
rephoresis, Pollak (1961) in 62 Caucasians and 62 Negroes, Samson (1965) 
in 1005 Filipinos, and Kirkeby (1966). in 170 Norwegians, The Spinco 
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method is also used in the present study, although some change was 
made in the strength of the constent current and in the substi tution 
of lissamine green for bromphenolblue ae 2 protein dye. Bovine serum 
albuain was used as recowmended as the protein standard for the inde~ 
pendent determination of total protein by the biuret method, Samson 
woted that Veratel-A was used in their study, bat we found no differ~ 
ence for total protein when sither standard was used, However, 
because of the choice of Llissamine green as protein dye on the electro- 
phoresis strips, 1t was alse chosen to determine serum albumin 
independently (by the HABA dye method) on the basis of the bovine 
albumin standard as wentioned in an earlier section. Unfortunately, 

_ this standard does preduce albumin curves which describe albumin levels 
significantly higher (0,5~-1.5 3/100 ml) than those determined with 
ether standards, Furthermore, the Levels ef individual globulins are 
thereby lower with thia standard, eince im thig study total globulia 

is defined as the difference between total protein and albumin as 
determined by the methode described. 

Althiugh the mean values for serum proteins found in the present 
study cannot be used in direct comparison with those of other studies 
in view of the methodological bias described, nevertheless the method 
was consistent throughout the analyses so that trends and differences 
within the sample itself can be considered valid. Another point which 
should be noted ie that serum protein levels are known te be greater in 
@ person when he is ambulatory than when he fe at bedrest. Lange (1946) 
found that Gotel protein was increased 6% in @ person when he was up 
than when at bedrest, and was increased an additional 6 - 12% after 
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brief, vigorous exercise, Among 20 students Aull and MeCord (1957) 
found an average increase im total protein levels of 0.86 3 /100 ml 
(11.6%) after 2 - 3 hours of laboratory class compared with serum total 
proteins drawn before erising from bed, and the increase was approxi - 


mately proportional among the albumin, alpha, beta and gawma globulin 


fractions. 


For convenient reference the mean serum 


protein vaives fewad in this study and those of the three studies sen- 
tiened using electrophoresis method differing only in albumin determi- 
nation and choice of protein dye as described, figures 10-17 were 
preparéd showing means by race and sine where available deta k permitted, 
These include Whites and Negroes of each sex from this study, 170 
Norwegians of both sexes (Kirkeby, 1966), 62 Caucasian edulte and 62 
Hegre adulta (680% of either sex in cach group) (Pollak, 1961), and 165 
Phlipines between 30-50 years old from the much larger Filipino sample 
(Semson, 1965). These eight sets of serum protein means (* 2 8.0.) are 
plotted on scales which show in shaded srea the range considered acrmal 
for serum proteins by paper electrophoresis in the Clinical Laboratory 
ef the Ysle-New Haven Hospital. These normal ranges represent the 
means + 1.8,.D, from wapublished data on the sera of 100 healthy mewbers 
of the hospital staff, Total serum proteins in this group are 7.1 fT 
0.3¢/106 wl. 
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Fig. 


38 Negro Females 


18 Negro Males 
(Present Study) 
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&s can be clearly seen, albumins are distinctly higher and globulins 
lower in almost every case in the present findings, wrich can be ex- 
pected in view of the wethedologice! bias described above. It is 
clearly not indicated in this basic creport that the methods of this 
study should be standardized against these of anether laboratory er 
methed and a correction factor be intreduced into the data, nor doses 
it seem likely that adding such a factor with ite own inherent sources” 


of error will contribute significantly to the value of the present data. 


Serum Proteins and Race. The present study is in accord with the 
canuiien ef previous studies reviewed in finding » lower serum albumin 
in Negroes compared with Whites, and a higher total globulin, often 
due to differences in the gemma fraction. The findiags are also in 
complete aceerd with thoee of Pollak (1961) whe alee carried out a 
péper electrophoresis study among Whites and Negroes in this country. 
Total proteins show little racial difference, although they are highest 
in Negro females and White miles, Albumine are distinctly higher in 
Whites, and this difference is mostly accounted for by the high value 
in White males, Aipha-i globulins are higher in Negroas of each sex, 
and alpha-2 globulins are only slightly higher in Negroes (entirely ac- 
counted for by the difference in females); Pollak finds this Latter 
difference not statieatically significant. Beta globulins are bigher 
in Negroes, although this relationship is reversed to a small degree 
among males aud the over-ail difference is entirely accounted for by 
the high values in Hegro females. Gamma globulins are markedly higher 
in Negroes of each sex, and this difference is somewhat greater in the 


series published by Pollak. 


“KS 8d neo dobdw Bittins snoeorq 643 al sage wore: Jeomls us padi, 7 

, ek az -ovods bediucaeb anid Lesigeiebodses ond to woly at beaneq 3 
eid3 Jo abodjeq ots sad9 J70q9% obead sid3 ai betactbnt jan <izasio " - | 
(%@ YTessr0des wedsoas te saod3 Jeateaga bestbisbaess ed bluode ybusa 
seeb tom ,a3eb ef3 oja} beoubostal: 2d 1et22} Hols2e4z0> & bas bodzen 
‘@85%408 3nexedal gwo 23} dsiw Tosos82 8 cove gnibbs sacs load mesa 3h 


+8325 3Jnsee1q efd3 Ro eulay od 02 —e studii3aos Ile wor1 Io 


e039 d3lw byoooe ot at ybude 3neaexq ofT "28H Den antesorT sured 


Simedie mizee vevel » gatbal? uk bewolvey solbuse suolverq Io eiiuasz i 


aetio ,aliudely Isjes wodgid) & bas ,a03idw sige bexagqmeo so0rvgel al 


mi oals 918 agaibal? off +M0L39872 ameeg afd nt *90n97929ib o3 aub 
B tuo belrz6e eels onw (f9e1) A4alio€ o seeds datw brosos sjelqmaa ‘ 


*¥iJave> alds of se0xgelt bee 293idW gnome ybuza eiastondgorsoele Tagag 


seerigtd s1a yeds dyvodsle ,sounz922ib feios: el3aif wode snteserq Isiok 
nt sadgid yiscahselb axe entowdlA .esien ostdl bos selncw? oxgell nt 
sulev rigid ed3 yd x02 besnuooss <izeom et s2aers22lb stds bas < 39d tciW | 
e402 does Yo Se07ge8 at yerighd exe saliudolg f-oiqgIA  asise siidw at { 
“98 Ylexline) seowgel al tedgid Uddgile vine 916 entludely S-adgls bos | 
W338 ekds abel? dsliet i(seleas? nt somexs232b offs vd x02 beiaves 
torigid era ankindoly sxe08 -Snbollogte Vilaotzetzaze Jon sonexetiib 
eexged Ileme s o3 Reemeees, qidenoizalex elds dguodsis <2807g0H at 
vd 102 be2dnveses yIsxisan «} Soneteitib Ile-seve eds bas eelan yoome 
‘wetans ‘Ubetisa exe ankindels omeed -oloms orge at seuley Fett aaa } if 
od) ak wetsexg aadwomos et womexsl3tb stds bos ,xoe toes Yo. 


91 

Just what the set ef facters is which predyces this lower albwein 
and bigher globulin im Negroes is not clear,  ifferences in environ- 
ment and expesure to disease wast eccount for come of the effect, and 
certainly the envireaments of the two races ln this atudy are different. 
However, even considering infectious diseases alene, it is well kaown 
thet Negrees and Whites reepond differently to identical innocuia of 
specific oxgantiems, aad this way well be on the basis of biclogical 
differences inherent in ¢ach race. | Certeinly the evideuce favora the 
conclusion of 4 genetic basis as being part of the reason the serum 
proteins differ between Whites and Negroes, in this atudy it gust alse 
be moted (see Table &, p.46) that the age in Whites is 3.5 years greater 
than in Negrocs. In view of the findiags on age diecussed belew, the 
vacial differences in the various glebulin fractions wight even be 
accentuated if thie factexr were removed, With the varied and large 
fuount of further data availeble on the tudividusis in the New Haven 
Arthritie Survey, it would be a significant contribution to the worlé 
literature on the genetic basis for vacial differences in serum proteins 
to match 2 sample of Whites with these $6 Negrocs having complete serum 


pratein analyses ang to exeaine. this question more thoroughly. 


serum Proteins, Sex aad Age. The general concensus among electropho- 
retic studies is that age shows 4 more significaat affect upon serum 
proteins than does sex, and the decrease in albwain with increasing age 
ig most pronounced walle some globulin fractions variably show an in- 
crease with increasiag age. Acheson and Jessop (1962) studied males 
ever 635 and found significant increases with age in the gamma globulin 
fraction. Brackenridge aud Csillag (1963) found a significant decrease 
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in albumin with age, with a rise in the alpha-1 and beta globulins 
(males higher) with a very significant increase with age among females 
throughout the age range, but 4 significant increase in males only be- 
tween ages 10-49 years, Kirkeby also found significant regressions 
for total protein and albumin each decreasing with greater age. Wilsson 
and co-workers (1964) found with respect te sex differences that total 
pretein and both beta globulin fractions are greater in males, with 
yariable or no differences in the other protein fractions, They find 
the negetive correlation between albumin and age the most striking 
finding and aleo strong positive coerreletions with age in the alpha-Z 
and beta-2 fractions. Gamson et 21 (1965) found variable changes with 
age and sex in tetal pretein, greater albumines in men up to age 30 with 
both sexes showing « steady decrease in albumin with age except for a 
transient rise in women aged 50-59, mo age ox sex differences ia alphe~1 
globulins, slightly sreater alpha-2 giobuline in men with variable and 
different age patterns in the two sexes, changing seu pattern in the 
beta globulin (greater in young women aad elder men) eith gradual in- 
creases with age which are more pronounced among wen, end games globulin 
levels which gradually increased with age (particularly in men), with 
some excess in men over women after the age of 49 years. 

In the present study significant correlation coefficients indicate 
in Whites a greater tetal protein as level} and albumin (0.1% level) 
levels in males and greater aipha-2 (1% level) and, to a lesser extent 
(@% level), gamma globuline in females, with no significant correlations 
between sex and serum proteing in the smaller Megro group for any fraction. 
The correlation between sex and albumin remains significant at the 0.1-1.0% 


level in all age subgroups except over age 74 years, However, significant 
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correlation coefficients do net necessarily iadicate that the mean dif- 
ferences are also statistically significant. Another significaat 
serrelation which was aot further exagined is the association in Whites 
ef higher serum albumin with higher socieecenomic status in tie combined 
sexes (1% level) and in wales (5% level}, but net in females. 

in exaniaing mean values for serum proteins, albumin is notably 
higher (both races) aad tetal protein slightly higher (Whites only) ia 
males, with tetel protein being higher in females among Negroes. Total 
protein leveis change very little with age im either race or sex, and 
Situmin changes littie with age in Negrees, although in the Negro age 
subgroups the sexes are combined and relatively more females are preseut 
im the younger age group, Albumine in Whites, however, show very 
definite and progressive decreases with age, which iacrease in rate of 
change in each sex after ages 45-54, with the change in rate greater in 
males than in females, 

Globulin fractions are each greater in females than males of the 
Same race, in Whites this difference is least in the alphe-1 and beta 
globulins and relatively greater in the alpha-2 and gama globulin 
fractions. in Negroes the sex difference is slight in alpha-i globulins 
but relatively greater in the three remaining globulin fractions. The 
globulin changes with age in Negroes are @ elight decrease in the alpha-2 
frection among elder Negroes, a greater decrease in alpha-1 and beta 
fractions, and a slight increase in the gawwa fraction. The interpretation 
ef these changes in Megroes on the basis of sge alone is open to question 
im that the proportion of each sex is different in the two age subgroups, 
more females being present among the younger, In vie of the higher 
globulins in Negro females these decreases with age might be reversed 
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im the alghe ead beta fractions, and the increase with age in the 


mwa Fraction wight in fact indicate a relatively greater change in 


Nesre males then in Negro females, 

In Whites the change with age is relatively little in the alpha+) 
globulin. Alphe-2 globuiia changes little uetil efter ages 45-54 when 
in fomeles it vises and thes plateaus while in seles it progressively 
increases to levels above those of females,  Simllarly, beta giobulin 
increases in each sex after ages 45-54 with a drop in only the oldest 
female subgroup while #t the same time male increases progress at a 
greater rete and surpass female mean levele. Except for a decrease 
in the youngest fomele age subgroup, games globulin changes Little ia 
either eex wetil after ages 45-54 when it begine to imerease, but the 
change in males far exceeds that in females so that male levels are 
well above those ia females by the oldest ages, 

The Findings of age and sex differences in serum protein levels 
described above and substantiated by the few available reports in the 
literature have to date ne definitive explanation. Mea and women 
have different genetic and endocrine heritages, lead different Lives 
in terme of enviconment in the form of toxin exposure, stress, traums, 
ehild-bearing and nutrition, bave different metabolic patterns, and ore 
subject to a relatively different spectrum of diseases, neoplastic, 
cardiovascular, infectious, and otherwise, whick are not clearly related 
ner unrelated te the eferementioned factors. The vevnwnianiva changes 
with age in both sexes of the cerum albumin somehow reflect relative 
changes in intake and production, requirewmeat, and destruction of loss 
o£ each protein throughout adult life, 
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The increases in each of the serum globulins after one passes the 
ages of 45-54 brings ene to consider what distinct changes occur at 
that time. Prior te thie age females usually menstruate and often 
bear childrea, both distinctly affecting their metabolic needs, and 
after which distinct hormonal changes take place, Jenchs (1936) 
finds in pregnancy and the post-partum period a decrease in serum al~ 
bumin snd an increase in each of the four globulin fractions significant 
at the 0.1% level (1% level for gawma), with a greater degree cf 
variation in each fraction compered with aormal persons, Putnam (1960) 
reports a progressive drop in ¢erum albumin during pregnancy (which 
does not return to normal levels until eight weeks poat-partuma) and a 
doubling of the beta globulin and a decreage in the gauma fraction. Ina 
males, in whom the rates of globulin change with age are even greeter 
than in females, any borwonal change similar to menopause ia neither 
nesrly as abrupt ner as narrowly confined to specific ages. Chronic 
infection tends to produce the protein pattern of lewered albumin and 
taised levels of alpha-2 and gemea globulins, and cardiovascular disease 
{in patients with strokes, myocardial infarctions, angina, arterioscle~ 
resis obliterans, rheumatic heart disease) may lower albumin and increase 
each globulin frection (Jencks, 1956) so that these factors may account 
for a significant portion.of the general change in means. Bronchial 
asthma may alse affect each fraction this way (Jencks, 1956). However, 
examination of mean values need net reveal protein patterns in indivi- 
duals. Furthermore, individual giobulin fractions may be elevated (more 
tarely decreased) in a wide variety of disease statee (Wall, 1958; Putnam, 
1960; Jencks, 1956; and others), Alpha globulins may be increased 


in traum, infection, fever, rheumatoid arthritis, cancer or pemphigus. 
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Yn nephwecio, in addition to the resultant hypoalbuninemia, increased 
a@ipha-2 and beta globulins may be present, including increases in both 
the lipid and pretein components ia these Lipeprotein fractions. Beta 
globulins are also elevated in Liver diseases (biliary cirrhosis, viral 
and toxic hepatitis, obstructive jaundice, cirrhosia), malignant hyper~ 
tension, periarteritie wodose, Cushing's eyndrome, maleria, cancer, 
multiple sclerosis and sarcoidesis. Any condition stimulating the 
plasma celia of the reticulo-endethelius syetem may cause 6 rise in the 
serum level of gawma globulin, These ceils are widespread in the bedy 


and are found in the bone marrow, liver, apleen, lung, thysue and meay 


other organs (Andersen, 1964), amas globulins are certainly produced 
as specific antibodies to infecting pathogens, but are alse preduced in 
response to antigenic stimuli in the form of nou-pathegenic micre« 
orgenisms, foods and many other substances, Levela of gawne globulin 
are increased in infectious, liver diseases, diffuse diseases of 
mesenchymal tissue, but alse might be increased in old age partly as 4 
veflection of the cumulative response to contiaued and varied antigenic 
stimulation by both exegenous and endogenous (auteiwmme) antigens 
(Strehler, 1964), 

Tae change in terus proteins described after ages 45-54 may reflect 
other physiologic alterations such es changes in the nutritional inteke 
and differential absorptive powers of the gestroimtestinal tract, changes 
in bedy weight and composition with decreased powers of synthesis or 
elimination and increased tissue satabetion. Strehler (1964) makes note 
that prominent globulin increases with age occur in those fractions pos- 
sessing lipid prosthetic groups and having lower electrophoretic migration 


vates, Lt may also be due to a differential survival rate after the 
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age of 45 or te an increased prevalerce of tissue degiruction in conti+ 
nuing neoplasm, 

In summary, in the present etudy serum proteins have differences accord ing 
to age which are more important than those according to sex, Sex diffe- 
rences are more pronounced in serum albumin (maleshigher), with lesser 
differences in each of the globulin fractions ienalea), atthough these 
differences in globuline decrease or reverse in old age. The changes 
with aye are more etriking in the continuous decrease in serum albumin 
with an acceleration of thie decrease after the age of 45 - 54, than ie 
the change in alpha-2, beta and gamma glebuling te higher levele after 
that sawe age. Therefore, sex and particularly age must be considered 

in examining serum albuain throughout adulthood, and age should be con- 
gidered as a factor in the level of globulins after the age of 45 - 54, 
Some factore affecting serum proteine have beer. comuented upon, but no 
conclugion can be drawn from the present avalyeis as te the reason for 
the serum protein changes. Further work on the basic data in thie survey 
might be done by regression analysis of each serum proteix fraction with 
age as an independent variable to determine ite relation with serum 
protein variation. In addition, when remaining data from the survey are 
available, mere specific information about these individuals responsible 
for the changes in mean valuee may be examined to see how they differ as 
a group from other individuals. 


Uric Acid, Mean uric acid levels in the present study are higher in 
each sex than those found by encymatic methods in the Tecumseh study 
(Mikkelsen et al., 1965). In the New Haven study, no apparent racial 
difference in serwn uric acid is present. The sex difference (males 
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higher) is clear at all ages. In White males there ie on increase of 
1.23 me/160 ml with age from the youngest to the oldest, but if the 
gmail sawples (28 and 18) at these extremes are disregarded the change 
is measurably less. In thite females, with the exception of small 
decreasee at the two extremes of the age curve, uric acid increases 
amoothly and gradually ae age increases, The correlation coefficients 
between age and uric acid in Whites are positive and significant for 
the combiner sexes (1% level), for males (5% level), and for females 
(0.1% level), Among the six race and sex groups analyzed, social class 
and uric acid correlated significantly only in White females (1% level) 
with uric acide tending to be higher in lower socieeconaaiec classes. 

In Negroes, divided at age 35 years, there is an inerease of 1.05 me/ 
160 mi in serum uric acid with ase. However, if equal aumbers of each 
ten were present in the two age groupe, thie difference would be expected 
to be decreased. Nevertheless, the correlation coefficients between age 
and uric acid in Negroes are positive and eignifieant in females (1% 
level), malen (5% level) as well aw in the combined sexes (0.1% level). 


Hemoglobin. Mean hemoglobin levels are higher in males compared with 
females of the same race, acd higher in Whites vhen compared with 
Negroes of the same sex. The difference by sex in Vhites ise clear at ail 
ages. In White males hemnglohter is stnnty until ages 45 « 534, after 
which the mean falls progresgively for a tetal change of 0.53 2/100 ml. 
The correlation coefficient between age and hemoglobin for all White 
males ie negative and significant at the 5% level, but the change in 
means ia emall. The pattern in White females is differext in falling 

to a low mean hemoglebin during peak child-bearing years (25 - 34), then 
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rieing to a plateau starting at ages 45 ~ 54 and continuing through the 
remaining ages. In females the correlation between age and hemoglobin ia 
positive and significant at the 1% level, but if the sexes are combined 
in Whitee the correlation is not significant, apparently indicating that 
the opposing trends in the two sexes eliminate the statietical significance 
found iudividually. In Hegrece the wean hemoglobin rises with age, but 
the older group contains relatively more melee. The correlation coeffi- 
elents between age and hemoglobin in Negroes are powitive and significant 
at the 1% level in the combined sexes and in females, but no significance 
in males. 


Correlation coefficients between total pretein and each of ite component 
parte (albumin and four globulin fractions) are consistently significant 
to a high degree. Thies ie expected, although it is of some interest that 
the correlation coefficient between total protein and albumin, still 
highly significant, is nemerically lees than those between total protein 
and any globulin fraction. Furthermore, in most groupe studied the 
correlation with total protein is greatest with camea globulin and 
progressively less with beta, alpha~2, alpha-1 globulins and leaet with 
albumin, Among the globuline thie te a similar order to that found in 
change of mean values with age, which by elmple calculation does not in 
White males at least appear to be merely a proportional change in fractions 


of different concentration, 

Other correlations found are that albumin has a significant negative 
correlation with each globulin fection, with little variation, one fraction 
to the next. Also globulin fractions each correlate highly with one 
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another, and this correlation tends to be greater between fractions. more 
adjacent te one another in electrophoretic separation, that is, alpha-1 
correlates more highly with alpha-Z globulin than it does with beta or 
(least of a11) with game fractions, | 
Similar findings in correlation between albumin and each globulin and elso 
between any two globuline are reported in the Existienstad Survey 
Ciilesen et al, 1964), ac well ae other correlations which may be relevant 
to possible causes for theee phenomena. In that etudy, erythrocyte sedi- 
mentation rate @.8.R.) was found to correlate negatively with serum 
albuain and positively with the various giobulin fractions, and the 
globulin fractions were also found to correlate positively with the 
numbers of circulating leukocytes, mainly accounted for by the positive 
correlation between serum protein fractions and the nuser of polynuclear 
leukocytes. In view of the typical elevation in the E.5.R, and polynuclear 
leukocytes in response to infection ot inflamastion (vhatever ite degree 
of severity along the subclinical and clinical scale) somtimes together 
with the so-called “strese pattern’ of change in the serum proteins 
charecterized by a variable decrease in albumin and an increase of alpha-2 
and often gamma globulins, and somtimes an increase in alpha-1 and 
decrease in beta globulins, some of the findings above aay indeed be 
attributable to current infection. These correlations found among E.3.8., 
leukocytes and serum proteins sway also give slightly mre support to the 
hypothesis that the changes in maan serum proteins. after the age of 45 ~ 
54 (deseribed iz the previous section) way be in part due to chronic 
infection or tissue breai«dows, 
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othexs got of findings im the Kristianstad Survey would indicate that 
imereage in body fat might explain some of the change found after ages 
4S = 54 in, present study. Wileson found that bedy fat correlates 
positively at the 5% level with alpha-2, beta-i, beta-2 and gamma globulina 
in males and betae2 globuline in females. Also tn females body fat Le 
negatively correlated with albumin at the 3% level and positively with 
gama globulin at the 102 level. Wowever, these are only clues ae to 
whet may in part be the basis for the changes and correlations found in 


serum proteins. 

tamination of the correlation coefficients and multiple regression 
analyses in the present study reveal several significant relat ionshipa 
among the serum proteins, urle acid and hemoglobin. Significant positive 
correlations are present between not only the total protein and albumin 
ae deceribed above but aleo between total protein and uric acid, albumin 
aod uric acid, hemoglobin and uric acid, hemoglobin and total protein, 
hemglobin and albuain, but not between either uric acid or hemoglobin 
and any of the globulin fractions except quite sporadically. Another 
#tudy Qlolmes et al, 1951) hae described a significant positive relation- 
ghip between albunin end BBC count, without a significant relationship 
m total protein and RBC but « decrease in beta globulin as both 
Wileson (1964) noted a significant positive correlation between either RBC 
or hemoglobin and beta-1 glebulin, and a positive but acensignificact 
correlation between either BEC or hemoglobin and the beta-2 fraction, 
but does not report the resulte of correlations between RBC or hemoglobin 
and total protein or albumin, Holmes (1951) tentatively offers that low 
dietary intake or protein may be responsible for beth low albumine and low 


in contract te thie last finding, 
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albuaine and low RBC count. Nileson (1564) does not comment on the finding 
Acheson and O'Brien (1966) acalyeing the present data suggest that the 
ight be due to the femele lose of red blood celle in menstruation, 


The Fearsontan correlation coefficients in the present study, however , 


tn women aged 21+ 24 and 45 54. ‘These latter findings may be a 
reeult of the emaller sample @lxee in the age subgroups of individual 
semes, but may aleo indicate that, in the abeence of significant corre- 
lation between the two blood componente in the female curing the 
wajexity of menetrmating years, causes other than menstrual blood lose 
awe significant in the mexied sex difference in mean levels of uric acid 


in somvhat similar fashion, the correlation coefficient between uric acid 
ond atone ie highly eignifieant in the combined sexes for each age 
subgroup, except the very oldest, and is significant in females of 911 
agee (5% level) or ages 25 - 4 (1% level), but {im no male group studied, 
In the aultiple regression analyses a signi fieant dependence of urie 
seid on albumin is present in come sete of maviables in moles, but ix 
females the dependence on albuuin Le even more significant than that on 

meglobin. Simple correlation between albuwin and hemoglobin ie sigri- 
ficent at the 5% level in males only when all apes are coubined, but 

tween § to 0.1% levels in females excepting ages 21 - 24 and 45 ~ 54 
aad in the Gombined sexes in all ages 21 - 74. 
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There is also & significant correlation between conn protein and uric 
acid which follows no age pattern in the present analysis, but which is sore 
significant among feuales than anong meles, ani again more significant when 
the sexes are combined. Total protein does not correlate significantly wich 
hemoglobin in ales, but between ages sll or when @ll ages are combined 
correlates highly both im the conbined sexee and in females. 

The data therefore indicate chat significant relationghipes exiat 
between total protein, albuain, weie acid and heweglobin, and that thege 
relationships ere different to a degree between the two sexes and betwean 
different ages. The fact that moan levels in albumin, uric acid aml 
hemoglobin are each higher in agles than im females may indicate that eome 
o£ the reletionghips are a result of the sean differencer by sex, but alo 
may indicate that the differences by sex ave in part a result of these 
relationghips. However, in femmles the effect of albunin is greater than of 
heewglobinoon urie aeid or of uric acid on hemoglobin, while in sales uric 
@cid and heseglobin have greater dependence on one another than does 
albanin on either. The eeu differences described, both in mean values 
amd in correlations between blood components, together with different age 
patterns between the two sexes suggest that iopoxtant events with reaepect 
to the factors etudied aru linked to a difference in femles during the 
years of sexual fertility and menetruation from females after the senopause 
or wales of any axe. These might be the increased demande of pregnancy 
and child-bearing ae well as menstrual bieod losses on protein and 
hemoglobin production, the homeonal variations which sceur with the 
wenekwual eyclee and with pregnancy ae well ae the more constant horaonal 
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change which takes place after the menopause, or even the 
differences in female nutrition and changes in weight and 
body fat comtent at varicus cycles or stages of life in 
contrast both within the femaie sex as well as between the 
two sexes. Tke number and frequency of pregnancies in a 
woman may be a siguificant factor in altering serum proteins, 
uric acic or hemoglobin. 

The fact is that the relationships between these several 
biecod components are bvéewie in each sex te a small but signi- 
ficant degree, It may yet be found that these bleod 
factors or their metabolic breakdown products are directly 
linked to the synthesis of the other related factors, or that 
intermediate metabolites in the synthesis ef one have a 
stimulating effect on the production of the others. Globulins 
and albuminge, om the ether hand, may compete with one another 
for availabie amino acids, The possibilities are many, and 
the question of what the nature of the relationship between 
factors is must await further investigation. Some of the 
questions can undoubtedly be approacked through different 
analyses using the data in the present study as well as the 
additional data available from the New Haven Arthritis Survey. 
It is hoped that the findings of the present study will at 


least be a useful foundation for further research. 
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Couciusions. 
1, Bigher seciceconomic status in Whites is associtatec with 
higher serum albumin levels in the cozbined saxeas and in males, 


and with lower serum uric acid levels in females. 


2. A sex difference exists in serum protein leveis which is 
most prominent in albumin (females less), but also present 
in each globulin fraction (females more); each of these 


differences is reversed in the cldcest age group. 


3. Aging is accompanied by a chaage in serum proteins which 
is greater than the differences found between sexes. Albumin 
progressively decreases with age, aud alpha-2, beta and gamma 
globulins inerease after age 45~54. Alpha-1l globulin changes 
little with age. In each cage tne change with age is greater 


in males than in females. 


4, There is a difference in serum protein levels between 
whites and Negroes. In Negroes albumins are lower aud each 
globulin fraction is somewhat higher, most prominent in the 
gamma and beta fractions. Negre females show these globulin 


differences to a greater degree than do Negro males. 


5. Uric acid ts clearly higher in males than females at all 
ages. In males there is an irveguiar increase with age, 
while the increase in females is constant between ages 25-74. 


There is little racial difference. 


6. Hemoglobin is clearly higher in males than in females at 
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all ages and in Whites higher than in Negroes. The sex 
difference in each race ia approximately twice the difference 
found between the two races. Hemoglobin in males decreases 
slightiy (both gradually and continually) with age, and in 
females ia lowest between ages 25~44, after which it remains 


at a censtant bigh level for that sex. 


7. Tetai protein correlates positively and significantiy with 
@ach of its component fractions, and this correlation is 


greatest with gamma and beta globulins. 


&. Albumin correlates negatively ana significantly with each 
globuiin fraction, and these correlations are relatively 


equai with each gliobulia, 


§. Urie acid or hemoglobin does not correlate significantly 


with any gicbulin fraction, 


10. Significant correlations exist between uric and hemoglobin, 
albumin or total protein and between hemoglobin and uric acid, 
albumin or total protein. In males the correlation between 
uric acid and hemoglobin is greater than in females. In 
females the relationships are greater than in males between 
a@ibumin and uric acid, aibumin and hemoglobin, total protein 


aud uric acid, and total protein and hemoglobin. 


ll. Multiple regression analyses in each sex using age, uric 
acid, hemoglobin, albumin and globulin fractions as variables 
reveal different patterns of relationship in each gex. With 


uric acid as dependent variable, small but significant 
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relationships are found (greatest te least} in maies with 
hemoglobin, age, and aibumin, and in females with age, 

albumin and hemoglobin. With hbemeglobin as dependent variable 
Small, but significant, reiationships are found (greatest to 
least) in maies with uric acid, age and aibumin, and in 

females with age, aibuwin aud uric acid. Globulin fractions 
do aot contribute significantly to the variance in either 


uric acid or in hemoglobin. 


iz. &8o final conclusions ave drawn a6 te the causes of the 
differences, trends and correlations deseribed, although 


possible factors which may affect these findings are discussed. 
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